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ANNUAL MEETING | 
PROGRAM 


For a preliminary announcement of 
the Annual Meeting program which 
will be held in New York, April 22 to 
24, see page 1—‘“title page” of this 
issue of the Journal. 


Presentation and Publication 
of Papers 


(Prepared by the Meetings and Pa- 
pers Committee and approved by the 
Executive Committee) 


Opportunity and Responsibility in 
Presentation of Papers 


The growth of the welding industry 
continues at a rapid rate. New ap- 
plications are constantly being made 
and new techniques developed. Re- 
search is extending the frontiers of 
welding knowledge in every phase of 
the art. Codes and standards are 
being promulgated. Behind this 
growth lie not only the innate capa- 
bilities of the welding process, but 
the cooperative efforts of those who 
are identified with the welding indus- 
try. Perhaps the greatest single fac- 
tor in such progress is the free and 
rapid interchange of ideas and facts. 

The presentation and preparation 
of papers before national meetings and 
local sections is one of the most im- 
portant activities of the Society. 
From the standpoint of the individual 
concerned, the presentation of a paper 
is an opportunity to contribute to the 
pool of knowledge and experience, 
from which all benefit. 

An opportunity is always open for 
any member to present a paper of 
general interest to the industry at a 
Society meeting or to have his con- 
tribution published in the Journal 
without oral presentation. 


General Information and Suggestions 
for Authors 


The Meetings and Papers Commit- 
tee invites any member of the Amer- 
ican Welding Society, or others inter- 
ested in the aims of the Society, to 
submit papers containing material 
pertinent to those aims. Papers may 
be submitted either for oral presenta- 
on at a national or sectional meet- 
inv, together with publication in the 
Journal, or for publication without 

| presentation. 

‘he criterion of the suitability of 
ma erial is its value to a large propor- 


tion of the membership of the So- 
ciety. The responsibility for selection 
of papers to be presented at national 
meetings or published in the Journal 
is vested in the Meetings and Papers 
Committee. Selection of papers to be 
presented before local Sections is 
vested in the local Sections. 

Since programs for national meet- 
ings must be arranged several months 
in advance, if a paper is submitted 
for oral presentation, the Meetings 
and Papers Committee should be noti- 
fied as early as possible of its avail- 
ability, and furnished with an outline 
of its contents and a statement as to 
what equipments if any (projection 
lantern, blackboard, etc.), would be 
required for its presentation. 

If the outline is found to be suita- 
ble the author will be so notified. He 
will be advised as to the time and 
place of the meeting and invited to 
suggest the names of those qualified 
to discuss the paper. In order to al- 
low time for discussion to be prepared 
it is desirable that papers to be pre- 
sented at national meetings be pub- 
lished in the Journal prior to the 
meeting, and to this end the complete 
manuscript should be furnished to the 
Editor at least 40 days prior to the 
meeting. 

Papers should be typewritten with 
double spacing and the manuscript 
mailed flat (i.e., not rolled). The 
author’s business affiliation should be 
clearly indicated. 


Subject Matter 


The paper should contain new ma- 
terial. The results of research, data 
for design, cost figures, descriptions 
of unusual technique, and similar 
practical information are particularly 
desired. Such papers will be given 
preference both as to time of publica- 
tion and space in the Journal. 

Papers should be condensed as much 
as possible without detracting from 
their interest or omitting vital in- 
formation. Material that is merely 
of an advertising character should be 
omitted. 

Preparation of Papers 

The writing of a paper is greatly 
simplified by first preparing an out- 
line of the main divisions of the sub- 
ject with subheads to cover subdivi- 
sions. Corresponding heading should 
appear throughout the paper and be 
descriptive of the material immedi- 
ately following. 

A long generalizing introduction, 


3 


not intimately related to the subject, 
should be avoided. The paper should 
proceed in logical order from the 
premises to the conclusions. Every 
statement should be clear, definite and 
concise. The major conclusions, if 
any, should be listed at the close. The 
relation of these conclusions to previ- 
ous theory and practice, and the indi- 
cated advances, or the observed lim- 
itations, should be brought out. 

The nomenclature* should conform 
to that established by the Society. 
References to the work of others 
should give the name of author, title 
of his paper, and place and date of 
publication. 


Illustrations 


Illustrations that make clearer the 
thing described are desirable, but only 
those conveying information of value 
and interest to the reader should be 
submitted. All figures (diagrams, 
photographs, etc.) should be numbered 
consecutively. Their significance 
should be suitably explained in the 
text. 

It is preferable that all captions 
should be type-set, and for this pur 
pose a list of figure numbers with 
captions should be furnished. For 
identincation the author’s name, the 
figure number and the caption should 
appear on the margin or back of the 
illustration in such a way that they 
will not be reproduced or mar the 
photograph. 

Line drawings should preferably be 
made with black ink, on tracing cloth 
or plain white paper without closely 
spaced cross-section lines. The let- 
tering should be large and legible and 
with open spacing to permit good re- 
production. The proportions of draw- 
ings shall be suitable to the page size 
of the Journal. 


Oral Presentation 


Long papers when presented at a 
meeting should be given in abstract. 


The presentation should usually not 
exceed 20 minutes, in order to allow 
time for discussion and for the pres- 
entation of other papers. It is sug 


gested that the abstract be prepared 
and timed in advance in order to as- 
sure a brief but comprehensive pres- 
entation.+ 
In presenting papers, authors should 
*Published in the November 1929 
of the Journal of the A. W. &., and 
available in bulletin form 


*Note: About 100 word car 
sented per minute 
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speak loudly and clearly so as to 
make their delivery effective and au- 
dible to all. If lantern slides are used 
the author should endeavor to ad- 
dress the audience by facing the 
screen as little as possible when ex- 
plaining the slides. When illustrated 
copies of the paper are available to 
the audience lantern slides need not 
be used. 
Discussions 


Stenographer’s transcript of oral 
discussion will be mailed to each par- 
ticipant with a request for careful re- 
vision and return within one week 
from date of receipt. If not returned 
within 10 days, it may be published as 
revised by the Editor. 

Written discussion may be _ sub- 
mitted within 30 days after the pres- 
entation of a paper, or within 30 days 
after publication in the Journal if it 
is not orally presented. If a _ too 
lengthy discussion is submitted the 
discussor may be requested to con- 
dense his discussion or to replace it 
by a paper for independent publica- 
tion or presentation. 


Copies and Reprints 


Six copies of the Journal containing 
a particular paper will be furnished 
to the author without charge. Sepa- 
rate reprints of any paper still in type 
may be secured at cost. If reprints 
are desired the Editor should be noti- 
fied in advance of printing, so that 
the type will not be destroyed. 


Publication Elsewhere Than in 
Journal 


Authors submitting papers for 
publication in the Journal shall not 
submit them to other publications un- 
less this is clearly indicated in the 
accompanying letter of transmittal. 

All papers presented at national or 
section meetings shall be the property 
of the A. W. S. Publication else- 
where of any paper (in part or whole) 
is permissible providing proper ac- 
knowledgment is given to the author 
and to the Society and providing it is 
not published prior to its presenta- 
tion. 

Editorial Reservation 


The Meetings and Papers Commit- 
tee reserves the usual editorial privi- 
lege of making such omissions or 
amendations mm papers and discus- 
sions submitted as it deems advisable. 
Unless the participants stipulate oth- 
erwise, minor changes wi!l not be re- 
submitted to him. 


Rules of Procedure for Meetings and 
Papers Committee 

The Society shall publish and dis- 

tribute free of charge to its members 

a monthly publication to be known as 

the JOURNAL OF THE AMERICAN WELD- 

ING Society. The immediate super- 


vision of the work and the handling of 
publication details shall rest in the 
hands of an Editor, who shall, how- 
ever, at all times be responsible to the 


Meetings and Papers Committee. In 
case of doubt as to policy in regard to 
editorials, advertising and technical 
papers, the Editor shall call upon the 
Meetings and Papers Committee ex- 
cept that in case of a disagreement it 
shall be referred to the Executive 
Committee of the Society. 

The Journal may include editorials, 
news items, technical reports and pa- 
pers, employment service bulletin, 
bibliography of current welding lit- 
erature, advertising and other items 
arranged from time to time by the 
Meetings and Papers Committee 

The Editor of the Journal shall ex- 
officio be Secretary of the Meetings 
and Papers Committee. 

The Meetings and Papers Commit- 
tee shall be in charge of the arrange- 
ment of the programs for the Annual 
and Fall meetings of the Society and 
any other national meetings. 

The Meetings and Papers Commit- 
tee shall assist the local sections in 
securing suitable programs for their 
monthly meetings, 

The Meetings and Papers Commit- 
tee many not incur any expense in 
connection with national meetings or 
publications unless provided for in the 
annual budget. The Editor of the 
Journal shall be required to manage 
publication costs in such a way that 
the total for the year shall not vary 
more than 5 per cent from the allotted 
budget. Modifications in the budget 
and other special arrangements may 
be made upon approval of the Ex- 
ecutive Committee. 

All sections are requested to send 
copies of all papers presented at their 
monthly meetings promptly to the 
Editor of the Journal. Those papers 


selected by the Editor (subject to 
supervision of Meetings and Papers 
Committee) shall be published in the 
Journal of the Society. The Editor 
shall cooperate with trade journals 
desiring to reprint papers and ab- 
stracts of papers. The Meetings and 
Papers Committee may arrange pub- 
lication of any paper with trade pub- 
lications and other journals. 

Reports of the American Bureau of 
Welding, technical and other commit- 
tees of the Society, selected for pub- 
lication, shall be published in the 
Journal. Such reports shall, however, 
receive the necessary approval of the 
American Bureau of Welding and the 
American Welding Society before be- 
ing released for publication. 

Members of the American Welding 
Society and others interested in weld- 
ing shall have the privilege of writ- 
ing technical papers and submitting 
them for the consideration of the 
Meetings and Papers Committee. Pa- 
pers selected for publication shall be 
published at the earliest convenient 
time in the Journal. 

The Editor shall advise within 20 
days after receipt of a paper whether 
or not it will be published in the Jour- 
nal. Failure of such notification will 
allow the author the privilege of sub- 
mitting the paper to other publica- 
tions. 

Papers dealing with the results of 
research investigations, details as to 
technique and kindred papers will be 
favored both as to time and space. 

Papers presented before joint meet- 
ings with other Societies shall be 
treated as special cases and the rights 
of cooperating organization shall be 
fully recognized. 








SECTION ACTIVITIES 








BOSTON 


An attendance of about two hun- 
dred members and guests heard J. F. 
Lincoln, President of the Lincoln 
Electric Company, Cleveland, Ohio, on 
Friday evening, February 20. Mr. Lin- 
coln spoke on the fleet weld process, 
and about fifty lantern slides were 
used to illustrate his talk. After the 
discussion period, actual demonstra- 
tion welds were made, 

The March meeting of the Society 
will be an afternoon visitation trip to 
the Watertown Arsenal. The exact 
date of this meeting has not been de- 
termined as yet. 


CHICAGO 


W. B. Keelor, Welding Supervisor 
of the Whiting Corporation, presented 
an illustrated paper at the February 
meeting of the Chicago Section, held 
February 6, at the Palmer House, 
Chicago. The subject of his paper 
was “Welding and Cutting in the 


Manufacture of Heavy Duty Equip- 
ment.” An interesting feature of Mr. 
Keelor’s paper was the description of 
the procedure control, which has been 
worked out by his company, in suc- 
cessfully using the welding processes. 

A second paper of the evening was 
presented by C. C. Whittier of the 
Robt. Hunt Company, consulting engi- 
neers, Chicago. Mr. Whittier indi- 
cated in his paper, and with slides, 
how the testing laboratory can be of 
use to the welding department of the 
industrial plant using welding. 

Over a hundred members and guests 
were in attendance, many of whom 
arrived for the dinner which is served 
in the meeting room prior to th 
meeting itself. 


CLEVELAND 


The Cleveland Section held its regu 
lar February meeting in conjunctio: 
with the Welding Conference at Cas 

(Continued on page 51) 
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Fabricating Sheet Metal 
by Are Welding 


By E. P. BESTLER 


+ This paper was presented at the January 9th meeting of 
the Chicago Section, A.W.S., by E. P. Bestler, Supt., Sheet 
Metal Dept., Raymond Bros. Impact Pulverizing Co. 


of fabricating sheet metal by arc welding com- 
pared with the old system of riveting and solder- 
ing, as illustrated by the work done in our own shop. 
Our work does not have to test up to any great de- 
gree of pressure, but calls for a dust-tight job. About 
nine years ago 100 per cent of our work was con- 
structed of galvanized sheet steel riveted and soldered. 
Today, I can safely say about 95 per cent of our work 
is constructed of black iron welded. 
There is a saving of about 28 per cent in the raw 


[| this paper I will try to bring out the advantages 





Fig. 1—Cyclone Collectors Made from No. 20 Gage Material up to 
%-In. Tank Steel. Completely Tacked Before Welding 


naterial. There is also a saving of about 50 per cent 
n labor—I do not mean to state a 50 per cent saving 
n all classes of work, but I can safely say about 75 
per cent of our work shows this saving over old 
ethods. 

One very important point of saving is in the laying 
it of the different shapes and forms of work. In de- 
‘loping a pattern for the riveted process, there is a 
reat deal of time lost in laying out the rivet spacing 
d proper laps; whereas in developing a pattern for 


a welded job you cut on the developed line and you're 
through; that is, providing you cut on the line. 

In cutting out the many shapes of sheet metal parts, 
there is a saving of time and material. Take, for ex- 
ample, a plain cone (Fig. 1) 8 ft. in diameter on one 
end, 1 ft. diameter on the other, and 10 ft. high, made 
of 3/16-in. tank steel. There is a saving of $1 or 
more in material by butt welding in place of using a 
lapped and riveted joint. Moreover, the butt welded 





Fig. 2—Welded Elbows Made from 16 Gage Material up te 3/16 In. 


job gives a much smoother job and there are no rivet 
heads to wear off by the tons of material passing over 
them, which is an important part in our work. Most 
of our work is shipped in sections and put together 
with angle iron rings and flanges. A large saving in 
time is effected by not having to draw in the large end 
of this cone to allow for riveting. 

In the general run of angles (Fig. 2) of any degree 
or size, gages from No. 12 and heavier, there is a great 
saving of time by butt joining them, doing away with 
hammering out and drawing in of the edges to make 
one end slip over the other. 

Take a compound angle, shown in Fig. 3, made out 
of No. 10 B. A. It would be a difficult task to turn 





Fig. 3—Are Welded Compound Elbow 


over the edges for a riveted job or form an angle to fit 
into the corner. We encounter no trouble at all as 
sembling a job of this sort. We make a corner weld 
wherever we can in reetangular and square work, mak 
ing a very fast and good locking weld. 

The same can be said of the piece of work illustrated 
ir Fig. 4. It would be extremely difficult in this case 
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to hold the dolly to buck up against a heavy hammer 
blow, as in some cases these ducts are only about 12 in. 
high. 

In the three-way branch (Fig. 5) we find it much 
less work to assemble for welding. We butt the parts, 
weld and cut out the different openings with the torch 
2fter the job is completely welded. What a lot of rivet 
heads would show up inside of this connection to make 
it dust tight. 

In constructing a piece of work shown in Fig. 6 





Fig. 4—Are Welded Duct Used in Connection with a Preheated Air 
System 


there is a great deal of time saved by the absence of 
flanging, punching and drilling. 

In general practice a four-way distributor, illus- 
trated in Fig. 7, is made of cast iron, but owing to the 
short time allowed for the job, there was not sufficient 
time to make wood patterns and risk spoiling one or 
two in the mold. Our engineering department there- 





Fig. 5—Three-Way Are Welded Hot-Air Duct 


fore decided to make it of sheet steel, and as tons of 
material pass through this connection, it was made of 
\4-in. tank steel. In two or three days, the distributor 
was on its way. The large end was 14 in. diameter 
and the small ends 7 in. diameter. The dimensions did 


not vary 1/16 in. in all directions. The ends of each 
branch came up to within a few inches of the large end 
or inlet end, tapered off to help direct the material. 
This is a piece of work which we are proud of and al- 
most impossible to make in any other way. 

I don’t know whether to call the article illustrated in 
Fig. 8 a compound curve or a head twister; maybe the 
latter is more appropriate. Just try to drive rivets in 
those corners! What a nerve racking job it would be. 
You will surely have to watch your step in laying out 
as well as forming a piece of work of this sort. 

Fig. 9 is an all-welded fan casing—an absolute dust- 
tight job, usually made of ‘%-in., 3/16-in. and %4-in. 
material. By using the corner weld in this construc- 
tion, it makes it easy to weld; and being smooth inside 
makes it an easy task to line. 

In the lighter gages—No. 14 and lighter—we use the 





Fig. 6—Difficult Pipe Section Arc Welded 


lap weld for large diameter pipes and elbows, using a 
spot welder to do the assembling, which brings the 
joints tightly together and permits a much faster weld 
than a butt weld. 

We make most of our pipe flanges of rolled angled 
iron with the joints acetylene welded. We use the 
torch for the reason that it makes a stronger weld and 
requires no grinding after the weld. 

We have two classes of welders: assemblers and 
welders. The assemblers work in pairs and only tack 
the work together; then lay it aside for a welder to 
complete. In this way all meri are kept busy at all 
times and you do not have a man waiting for someons 
to give him a hand or have a man standing around 
watching the other man weld. 

A man selected for an assembler must be a man who 
can read a blue print or sketch and have mechanica! 
ability. Not being a productive shop, we cannot use 
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fixtures for our class of work, and thereby it requires 
men who can measure up and check a piece of work 
3 after assembling it. 
; We generally select men who show an inclination to 
become welders, and put them to work as assembler 
’ helpers. If they show.any interest in the work, we 











Fig. 7—Four-Way Distributor Made from %-In. Copper Bearing 
Steel for Powdered Coal Burning Plants. Large Opening 14 In. 
Diameter; Small Opening 7 In. Diameter 
give them the right to play with the arc whenever they 
see an opening, and with the proper supervision of 
the experienced welder they become good welders and 
assemblers. 
We use nothing but a coated wire, as we have both 
a.c. and d.c. machines. We aim to have a good ap- 
pearing weld as well as a ductile weld. We take a 
great deal of pride in our work and we are pleased to 
=. that we have a ated good force of welders. Fig. 9—Fan Shells Made from 3/16-In. Tank Steel to Replace Heavy 
Castings. The Heavy Rings Are Welded to the Shell and Machined 
after Welding 
We use a ‘'%-in. electrode for No. 14 gage, 5/32-in 
for No. 12 and No. 10, and 3/16-in. for 3/16-in. gage. 
The amount of amperes, or heat, as we term it, is 
governed by the welder himself. We generally use 
around 125 amperes for No. 10 gage, where the joints 
fit fairly close together on a butt joint. 
Plan to Attend Annual. Meeting 
American Welding Society to be held 
in New York, April 22 to 24. 
Twelve important papers will be 
a . . . . 
e presented including a number of im- 
d : nw , 
portant phases of welding. There will 
d 
“ also be reports on research work, codes, 
d " : ; 
and an inspection trip. 
d Fig. 8—Are Welded Compound Branch Connection for Heating System 
k Something special in the way of en- 
0 We put the standard of welding up rather high, and A f / 
1] in breaking in new men keep after them until they tertainment Is being prepared in con- 
e show a marked improvement in their welding before ’ L ; 
d we expect any footage from them. nection with the annual dinner of the 
We generally inspect our welds by the depth of the . , . 7 
10 crater and the discoloring of the metal caused by the. American Welding Soci ty. 
al heat of the weld on the opposite side of the weld, as 
3€ well as the appearance of the weld. 
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Economics of Welding 


in Maintenance and 
Operation of Gas 
Transmission Systems 


By ERICK LARSON 


+ This paper was prepared by Erick Larson, Superintendent 
of Gas Distribution, Long Island Lighting Company, Bay 
Shore, N. Y., and presented before the Annual Convention 
of the International Acetylene Assn., Chicago, Nev. 1930. 


HE facts and opinions on the art of welding as 
brought out in the following articles are the re- 
sult of an intensive study of some typical trans- 
mission and distribution systems of the East. They 
are from the viewpoint of the operating executive 
rather than from that of the technical expert. Much 
of the material herein contained is similar to that in- 
cluded in the “Empire Gas and Electric Association’s 
Gas Distribution Committee Report to the 1930 Gas 
Section Convention Held at Elmira, N. Y.” This report 
was composed by the writer for the committee. 

As a result of the extensive discussion as to what 
constitutes an acceptably tight distribution system, it 
was decided to investigate (1) the causes of leakage 
in a line and (2) whether it would pay to repair the 
slightest leaks. Since the most interesting results 
were found to be in connection with the uses of steel 
pipe and with the advantages of welding pipe lines, 
this report will be limited to these two factors. 


Use of Steel Pipe 


Steel pipe sections were selected for several reasons. 
In the first place they are generally used throughout 
the country. Also many companies are being forced 
to change from their all cast-iron policy to wrought 
iron or steel because of the modern high-pressure sys- 
tems now being installed. And finally, the uses and 
features of cast iron are common knowledge, while 
steel still requires educating the public to its advan- 
tages. Steel piping is nothing new in certain classes 
of industry, for it has been in use for many years in 
the oil fields. 

At present practically all steel pipe used in gas 
lines is of lap- or butt-welded, longitudinal seam type. 
Because of this, split seams and porous or laminated 
pipes are of relatively common occurrence. However, 
the manufacture of seamless tubing is rapidly devel- 
oping to the point where its higher cost does not over- 
balance its advantages. As its application is ex- 
tended, undoubtedly the price level will be brought 
down more nearly to that of the longitudinal seam 
type. Nevertheless, the present existing difference in 
price between the seamless and other types of pipe 
calls for study in order to determine which is the more 
economical. , 
Leakage 


Tests made by the Bureau of Mines on numerous 
pipe lines indicate that the least leakage may be ex- 
pected from a properly constructed welded steel pipe 


line. The question arises as to why there should be 
any leakage in a line in which every joint has been 
tested and the type of construction is such that the 
line is one continuous length of pipe. 

Many times cheapness of construction leads to the 
use of unsuitable joints, when a more thorough study 
of leakage and maintenance costs would have re- 
vealed no economy in the long run. We are too 
prone to accept the word of some designer or operat- 
ing engineer that his type of joint never fails. But 
the main foreman repairs many leaks qbout which the 
manager never hears. It is far bettet:to conduct some 
research and study as did the Buréau ®f Mines when 
they advocated welded steel piping 3g 


Welding 


Welding has been more or less limited to the oxy- 
acetylene process because of the greater experience 
available in its use. 

In the field of oxy-acetylene welding the scientific 
thought and effort put forth not only in original de- 
velorment, but also in the perfection of a procedure 
control is an example for any industry to follow. It 
is the direct reason for its success. Firms manufac- 
turing welding equipment employ corps of engineers 
not only for the purpose of instructing new welders 
but also for the solution of unusual problems and for 
the continued study of the science of welding. How- 
ever, it still remains necessary for the local manager 
and engineer to have a thorough knowledge of the 
science of welding so that the proper principles may 
be passed on to those doing the actual work. Further- 
more, the high morale necessary in the actual welder 
and his immediate superiors must be properly under- 
stood. The human factor plays an important part 
in welding; and a welder regularly instructed and en- 
couraged pays dividends. 

Ss 


; Stresses 


For all the excellent theoretical work that has been 
done in the computation of the internal stresses of 
lines placed underground, nothing as yet has exceeded 
experience. Both standard and light weight steel pipe 
have been laid under many conditions carrying gas 
and hydrostatic pressures that bring the internal 
stress of the pipe to within 75 rer cent of its elastic 
limit. After years of service in the southwest such 
pipe lines have yet to develop any trouble in the pipe 
itself. While such a close margin of reserve strength 
is not to be recommended, still it does indicate that 
theoretical computations must be fempered with ex- 
perience. There never has come to the attention of 
the writer a single instance of a circumferential break 
in a steel pipe except at points of weakness where 
threads and grooves are cut into the pipe for certain 
types of couplings. This fact indicates that a more 
thorough theoretical knowledge of stresses entering 
into pipe line construction may lead to considerable 
saving by cutting down wall thicknesses. Since txm- 
perature and line pressure stresses lend themselves to 
mathematical exactness, some of the more intangible 
factors found will be enumerated. 

One of the largest stresses to which any pipe may 
be subjected is that due to temperature changes, a 
large proportion of which arises at the time of lay- 
ing. On a hot sunny day in New York State actual 
tests have shown the not uncommon temperature of 
110 deg. F. of the pipe itself, while the ground tem- 
perature at a depth of 2% ft. is but 60 deg. F. Proper 
laying will overcome most of the stresses resulting 
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from such abrupt temperature changes, however. If 
the burying of the pipe proceeds from one end only, 
and the end toward which the burying proceeds is 
free, natural contraction will be taken up by move- 
ment of the free end of the pipe. This overcomes 
stresses which in a pipe rigidly fastened at both ends 
would have to be taken up internally. In the March 
9, 1929, issue of Gas Age-Record was an article en- 
titled; “Ground Temperatures Obtained at Varying 
Depths at Schenectady, N. Y.” In a summary the fol- 
lowing results were shown: 


Maximum Ground Temperatures 


5 ft. Cover August 57 Deg. F. 

3 ft. 6 in. Cover July, August 59 Deg. F. 

2 ft. Cover July 66 Deg. F. 
Minimum Ground Temperatures 

5 ft. Cover March 23 Deg. F. 

3ft.6in. Cover January, February, March 22 Deg. F. 

2 ft. Cover February 14 Deg. F. 


From the standpoint of strength, this survey would 
indicate that burying to a depth of only 2 ft. would be 





Fig. 1—Oxy-acetylene Welding Gas Transmission Line 


an economically sound proposition. The added stress 
caused by the difference between 22 deg. and 14 deg. 
F. is only 1560 lb. per square inch. This stress is 
based upon a modulus of elasticity of 30,000,000 and a 
coefficient of expansion of 0.0000065. Taking the 
maximum differential and using the same factors, the 
stress due to the difference in temperature between 
seams would be 10,140 lb. per square inch. For still 
greater extremes, let us assume a differential tem- 
perature of 100 deg. maximum in order to allow for 
poor conditions at the time of laying. The temperature 
stress would then be 19,500 lb. per square inch. Taking 
1 gas pressure of 60 lb. per square inch, a ripe di- 
meter of 6 in., and a pipe wall thickness of 14 in., 
the stress from this source would be 720 Ib. per square 
nch. In the Southwest pressures as high as 350 Ib. 
er square inch are being carried in standard weight 
pipe lines. The stress due to gas pressure is at right 
ngles to the temperature stress. The resultant stress, 
vhich is 10,000 Ib. per square inch under the elastic 
mit of steel still leaves some margin to take care of 
le stresses of unknown magnitude caused by the mo- 

mn of the earth from the frost action, loads imposed 
ertically over the main of sufficient intensity to cause 
i@ main to act as a beam, and bending during laying. 


Practice has proved that this margin of safety is suffi 
cient. 

From this study it must not be assumed that it is 
recommended to bury a pipe to a depth of 2 ft. Other 
factors enter that again show the necessity for study 
beyond actual design and construction 
pumred for more than a mile, actual field tests have 
proved that there is practically no difference be 
tween the ground and gas temperatures In most 
plants the gas sent out is corrected to the standard 
condition of 60 deg. F. However, the Schenectady 
survey shows the ground temperature over a period 
of several months of the year to be at an average of 
20 deg. F. As a result of this 40 deg. difference be- 
tween send-out temperature and sales temperature, 
there is an 8 per cent loss in the quantity of gas de- 
livered which is shown up as unaccounted for gas 


Where gas is 


The above survey indicates that the temperature 
would be above 60 deg. at the 2-ft. level for only a 
reriod of two months during the year. During these 
two months the average temperature would be about 


62 deg. F. A similar study in the southern part of 
the State over a period of two years gave a maximum 
temperature average of 66 deg. and a minimum of 42 
deg. at the 2-ft. level, for the temperature of gas in 
the main. These figures were taken at a distance of 
4% miles from the plant. Simultaneously, a test de- 
termined that the gas a mile from the plant was at 
ground temperature. 

The use of any type of so-called expansion joint to 
take care of temperature changes has not been men- 
tioned for two reasons. In the first place it was de- 
sired to show extreme conditions. Furthermore, a 
study of lateral movement of buried pive in the 
ground, as reported in a booklet entitled, “Controlling 
Temperature and Bending Strains in Bronze-Welded 
Cast Iron Pipe Lines,” by E. Hering, F. G. Outcalt 
and T. W. Greene, published by The Linde Air Prod 
ucts Company, proves that an expansion joint is not 
as effective as is generally supposed in relieving tem 


perature stresses even as close as 100 ft. from the 

joint because of the high frictional grip of the soil 
Testing 

Studies and tests which have been made show why 


there is some leakage in a welded steel line even 
though every joint has been given a soapsuds test. As 
a result, it is recommended that tests should 


limited to joints alone, but that methods of detecting 


not De 


other leaks should also be employed. All! sections, 
where possible should be tested above ground by 
means of a soapsuds test of the joints and a closed-i: 
pressure drop test of at least three hours to indicate 


any major leaks. The coating should then be applied 
and the pressure drop test repeated in the trench be 
fore burying. After burying at least a 24-hour drop 
test should be made. The slightest indication of a 
drop in pressure should be the signal for a test last 
ing until it is determined that the drop due to 
temperature changes or to a leak at the cock where 
air is pumped into the main. In case of a drop, the 
section should be divided into convenient lengths, and 
tests should be applied to each. As the sect 

come shorter, the leakage becomes more noticeable 
so that when the trouble is located and the 
up, the actual leaking piece of pipe can be repaired 
or replaced. If the leak is caused by a split seam, it 
can be welded in place; but usually it will pay to re 
move the section as the part repaired may not be the 
only leak. The argument that this large expense is 


is not 


1IOns he 


pipe dug 
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not warranted when the small amount of leakage is 
considered may be answered by considering the sum 
total of the leakage loss and by the danger of subse- 
quent property damage suits where shrubbery and 
trees are apt to be injured. 

The advantages of complete welding and careful 
testing have been clearly shown on one system of over 
600 miles of distribution mains. Work done has in- 
volved gas welding of all mains since 1926, and all 
services since 1927; including some replacements and 
the welding of about 10 miles of pipe originally screw 
coupled. Property damage of shrubbery and trees on 
new work has been eliminated. Although the system 
has been increased 25 per cent in extent during that 
time, the actual volume of unaccounted-for gas has 
been cut 37.5 per cent. Whenever a leak has been 
found on any type of coupling, the repair has been a 
solid welded job. 

The following is a summary of results obtained 
through the study of the uses of steel pipe: 

The use of standard weights and sizes of pipe is 
recommended. 

The placing of light weight sections in a variety of 





Fig. 2—Line Sealed for Test 


conditions and locations is desirable for securing test 
data. 

At present standard weight lines are carrying pres- 
sures as high as 350 lb. per square inch. 

From strictly the viewpoint of strength the depth 
of burial of line is not a major factor with steel pipe 
under temperature conditions prevalent in New York 
State. 

Where care is taken to secure a joint equivalent in 
strength to that of the pipe, expansion joints are un- 
necessary. 

Lap-welded pipe is preferable to butt-welded, and 
seamless is preserable to both. 

Thorough testing of lines after joining is recom- 
mended, including the pipe itself. 


Oxy-Acetylene Welding 


Oxy-acetylene welding was known experimentally 
for many years previous to its practical use. Gas 
welding secured international fame through its use 
at the Panama Pacific Exposition and through the 
medium of an artitcle entitled, “Welding in Gas Dis- 
tribution,” in the Gas Industry Magazine, September, 
1915, by Mr. D. E. Keppelman of the Pacific Gas and 
Electric Company. Because of the far-sightedness of 
the engineers of the Pacific organization, this article 


is actually history written years in advance. 
article is a milestone in the history of welding. 

Records show that in 1911 the Philadelphia and 
Suburban Gas Company laid an 11-mile line south of 
Philadelphia. From then until 1919 there was a 
steady increase in the number of companies using the 
process. In 1919-1920 another milestone was reached. 
The Prairie Pipe Line Company welded 15 miles of 
8-in. oil line to carry 700 lb. pressure. This was engi- 
neered by Mr. Noah Wagner, Superintendent of Weld- 
ing. In 1922, the same company, thoroughly con- 
vinced of the advantages of gas welding, laid the 
longest all-welded line up to that time. It was 104 
miles in length. Since then the practice of welding 
oil and gas lines has become standard practice. 


The 


Advantages 


It would appear that little need be said of the ad- 
vantages of welding, but during the past year a num- 
ber of requests have been made for such information. 
In general it might be said that there is no limit to 
welding, since it is used from the largest undertak- 
ings to that of the solitary blacksmith in his little 
shop. However, there are numerous outstanding ad- 
vantages of oxy-acetylene welding in pipe line con- 
struction. 

In the first place specials may be made up in the 
field to fit exactly. Tie-ins with existing piping may 
be made without cutting the old lines or without 
the use of expensive and clumsy clamps. This ap- 
plies to inside as well as outside work. For ex- 
ample: welding is a time saver in the placing of 
an aquastat or pressurestat during the installa- 
tion of gas house heating units. A short nipple 
is welded on the take-off lines near the boiler without 
necessitating cutting of the line or chancing break- 
age of the plugs in the boilers. Other applications 
may be found on large water heating jobs, house heat- 
ing jobs, difficult house lines and meter headers, intri- 
cate bends in main work, and many places where prob- 
lems arise in which a welded joint proves to be the 
difference between rrofit and loss. 

Architects are rapidly realizing that the greater 
ease in detailing a welded rather than a fitted job is 
sufficient reason to specify welding. Not only are the 
fittings or pieces required cut to a minimum for the 
estimator, but also the time required in the field for 
the checking and reporting of inventory is lessened. 

The welded joint is the lightest type of joint for 
steel pipe. Welding eliminates the necessity of order- 
ing an extra heavy or an upset end in order to allow 
for structural weakening from the threading. On 
large jobs the lowering of freight and transportation 
costs due to the lighter weight results in considerable 
savings. 

Type of joints that are threaded or require a de- 
pression being turned in the pipe cause a weakening 
at that point. Practically no type of joint will give 
the uniformity of strength possible with welded joints 
under all conditions. 

The use of other than welded joints is sometimes 
specified for long transmission lines for the reason 
of the greater speed with which the line may be laid. 
However, the use of a greater number of gangs in lay- 
ing pipe will overcome this difficulty. In fact, the insta!- 
lation of distribution mains, services and detail work, 
together with much of the larger interior work wi!! 
average less time with welding than with screw joints. 
This is true because the welder is not held up while pipe 
is being threaded. If it is not possible for him to con- 
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tinue his work in the direction he started, he can 
easily go to the other end of the line or to some other 
point. This eliminates much work in the final tie-ins. 
When these tie-ins are made, a slight or even notice- 
able misalignment offers no particular difficulty. 

There is no hold-up in work while waiting for regu- 
lar or special tools, since the number of tools required 
is a minimum. 

The better conditions under which the tie-in gangs 
can proceed is also a great time saver. Several sec- 
tions can be welded in convenient places, put in posi- 
tion, and then welded together in the trench or on a 
scaffold. The saving in time that results greatly les- 
sens the cost of scaffolding and bell holes. 

Changes and additions to a present pipe line system 
are also simplified by oxy-acetylene welding. A regu- 
lar pipe fitter usually dislikes to reconstruct or add to 
an old layout. When the cutting torch and the weld- 
ing blowpipe are used changes are more easily and 
more cheaply made. 

Whether the pipe is to be covered with a regular 





Fig. 3—Offset in Oxy-acetylene Welded Gas Line 


steam pipe insulating covering or just painted, the 
absence of any type of fitting makes the job less ex- 
pensive. Also, the finished work is neater in appear- 
ance. 

Actual tests run by the Bureau of Mines prove that 
in a welded line the fiow of water and gases more near- 
ly approaches theoretical perfection than with any 
other tyre of joint. 

With welding the material transported by the pipe 
will have no more effect on the joint than on the pipe 
itself. Other forces such as expansion and contrac- 
tion, vibration, chemical properties of the soil, strains 
left in laying or produced by settlement of the trench, 
earth movements and changes of pressure carried, 
leave no worries as to how the joint will act. With 
changing characteristics of gas loads, the fact that 
pressure conditions can be altered is a factor of major 
importance and one that is resulting in high pressure 
distribution even in cities. 

In all but welded joint lines, leakage will naturally 
increase with age and pressure. If there are any ex- 
isting leaks in the welded line the leakage will in- 
crease in proportion to the pressure carried in a man- 
ner similar to that of an orifice. In the case of 
mechanical joints, the leakage wil! increase consider- 
ably in excess of that from a straight orifice because 
the tendency of the pressure will be to open up the 
ioint. Certain types of rubber or composition packed 





joints are designed on the theory that added gas pres- 
sure will force the packing still tighter against the 
walls. Tests have proved that the mechanical joint 
lines of this type not only have the leakage increased 
in greater proportion than on welded lines, but also on 
tests at a reduced pressure made after the high pres- 
sure test, leakage has increased above that originally 
found at this lower pressure. 

The argument is often used that the human factor 
in the welding of a joint is greater than that in the 
making of a mechanical joint. A simple test can be 
made to show that in any mechanical joint this hu- 
man factor is just as great. A mechanical joint under 
pressure can be made up to the point where no leakage 
is indicated either by hand or by light application of a 
wrench. The ease with which leakage may be over- 
come in this test clearly indicates what may happen 
on a carefully inspected job that has been in the 
ground for only a short time. The forces to which a 
line is subjected will soon discover the weak point. 
While this is by no means a condemnation of mechan- 
ical joints, still it is a reminder that even a machine 
must have a human operator. The severe handling 
that a welded line receives before it is finally buried, 
without, of course, deliberately straining it, is one 
of its best tests. 

Welding has gone through its development period in 
the past twenty years. It cannot be said to be perfect. 
Comparatively speaking, it has reached a state of per- 
fection that is envious in the realm of joints. Our aim 
is to have each joint approach or equal! the perfection 
that we know is possible. There are ways and means 
of securing the desired results that engineering abil- 
ity and considerable field experience have shown to 
be possible. 


Proposed Specifications 
for Fusion Welding 


+ Based on proposed specifications for fusion welding of 
unfired pressure vessels published in the January, 1951, 
issue of the Journal of the A. W. S., and propesed specifica- 


tions for fusion welding of drums or shells of power boilers, 
published in the March, 1930 issue of Journal of the 
A. W.S 


HE following proposed revisions, which are now 

under the joint consideration of the American 

Welding Society and the Boiler Code Committee, 

are for embodiment in the Code for Unfired Pressure 

Vessels and for embodiment in the Code for Power 
Boilers. 

The Boiler Code Committee invites communications 
from those who approve the specifications, as well as 
from those who wish to suggest changes. Communica- 
tions should reach the Secretary of the Boiler Code 
Committee, 29 West 39th St.. New York, N. Y., not 
later than April 6, 1931, in order that they may be pre- 
sented to the Committee for consideration. 


Proposed Revisions and Additions to Code for Unfired 
Pressure Vessels for Fusion-Welded Construction 


Pressure vessels may be fabricated by means of 
fusion welding provided the construction is in accord- 
ance with the requirements for material and design as 
required by this Code and the fusion welding process 
used conforms to the specifications for the grade of 
welding indicated for each class of vessel. 
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Fusion-welded pressure vessels shall be classified ac- 
cording to the following schedule. The grade of weld- 
ing required for each class shall be as indicated. 


Class 1. All vessels covered by this Code, constructed in 
accordance with the rules for this class, may be used for 
any purpose. This class includes vessels containing noxious, 
poisonous or inflammable liquids or gases. These vessels shall 
be welded with Grade A welding. The allowable working 
stress shall be 18 per cent (% of 90 per cent) of the min- 
imum of the specified tensile range of the plate used. 

Class 2. All vessels covered by this Code are included in 
this class, excepting those containing noxious or poisonous 
gases or liquids, provided the plate thickness does not 
exceed 1% in. These vessels may be welded with either 
Grade B or Grade © welding. When Grade B welding is 
used, the allowable stress shall be 16 per cent (% of 80 
per cent) of the minimum of the specified tensile range of 
the plate used. When Grade C welding is used, the allow- 
able stress shall be 14 per cent (4 of 70 per cent) of the 
minimum of the specified tensile range of the plate used. 

Class 3. All vesse’s covered by this Code not exceeding 
*% in. plate thickness and used for the storage of gases or 
liquids at temperatures not exceeding their boiling tem- 
perature at atmospheric pressure, may be included in this 
class, except those containing noxious, poisonous, or inflam- 
mable liquids or gases. These vessels may be welded with 
Grade D welding. The allowable working stress shall be 
12 per cent (‘5 of 60 per cent) of the minimum of the speci- 
fied tensile range of the plate used for butt joints. and 10 


per cent ('5 of 50 per cent) for double-fillet-welded lap 
joints. 


The allowable working stresses on the joints in 
pounds per square inch for different temperatures are 
given in Table 1. 


Note: It does not follow that any vessel in which the 
plate thickness does not exceed % in. necessarily falls in 
Class 3, since if welded with Grade A welding it would 
fall in Class 1, and if welded with Grade B or C welding it 
would fall in Class 2. 

The above classification gives the general features gov- 
erning the classes into which the various vessels will be 
placed. The Boiler Code Committee will prepare a list in- 
dieat ig the classes into which the vessels for various uses 
shall pe grouped. It is proposed to stamp each vessel to 
designate its class and the grade of welding used. 


Plate Material. The materials used in the fabrica- 
tion of any fusion-welded pressure vessel covered by 
this Code shall conform to Specifications S-1 for Steel 
Boiler Plate and S-2 for Steel Plates of Flange Quality 
for Forge Welding, of Section II (1930 Edition) of 
the Code. 

Longitudinal Joints. Longitudinal joints on Class 1 
and Class 2 vessels shall be of the butt type and shall 
be reinforced at the center of the weld on each side of 
the plate in accordance with Par. U-71. This rein- 
forcement may be machined off, if so desired. The 
longitudinal joints of Class 3 may be of the butt or 
lap type. If of the lap type the throat dimension of 
each of the two welds shall not be less than 547, where 
T represents the thickness of the plate. Both edges of 
the lap shall be welded and the overlap of the plate shall 
not be less than 47. 

Circular Joints. Circular joints on Class 1 and Class 
2 vessels shall be of the butt type and shall conform to 
the requirements for longitudinal joints. Circular 
joints on Class 3 vessels may be of the butt or lap type, 
either of which shall conform to the requirements for 
longitudinal joints. 

Dished Heads. Dished heads concave to the pres- 
sure when used on Class 3 vessels may be inserted in 
shells with a driving fit and fillet welded inside and 


outside, except that on vessels 20 in. in. diameter or 
less the heads may be welded on the outside only. 

Qualified Welders. All welding on vessels covered 
by this Code shall be done by “qualified welders.” A 
“qualified welder” is one who has demonstrated his 
ability to produce welds which will meet the required 
tests for the grade of welding for which he is to qualify. 

Each qualified welder shall be assigned by the manu- 
facturer an identifying number, letter, or symbol 
which shall be stamped on all vessels adjacent to and 
at intervals of not more than 3 ft. along the welds 
which he makes either by hand or by machine. 

The manufacturer shall maintain a record of the 
qualified welders in his employ, showing the date and 
result of the qualification tests and the identification 
mark assigned to each. These records shall be acces- 
sible to the inspector at all times. 

A welder’s qualification shall be effective for a period 
of 6 months only, at the end of which time a repetition 
of the qualification tests shall be made. 

Stress Relieving. All Class 1 fusion-welded vessels 
shall be stress relieved. Class 2 fusion-welded vessels 
shall be stress relieved in accordance with the follow- 
ing: 

Longitudinal welds shall be stress relieved where the wall 
thickness is greater than 0.55 in. and the shell diameter 
less than 20 in. 

Transverse or girth welds shall be stress relieved where 
the wall thickness is greater than 0.7 in. and the shell diam- 
eter less than 40 in. 

For other wall thicknesses and shell diameters, stress 
relieving shall be required for all welds where the ratio of 
the diameter to the cube of the shell thickness is less than 
118. 

Where stress relieving is required, it shall be done 
in accordance with the rules given in Par. 4 of the Pro- 
posed Specifications for Fusion Welding of Unfired 
Pressure Vessels published in the January, 1931, issue 
of the Journal of the A. W. S. . 

Holes. No unreinforced holes shall be located in a 
welded joint. When an unreinforced hole in the plate 
is located near a welded joint, the minimum distance 
between the edge of a hole and the edge of a joint shall 
be equal to the thickness of the plate when the plate 
thickness is from 1 in. to 2 in. With plates less than 
1 in. thick, this minimum distance shal] be 1 in. With 
plates over 2 in. in thickness, the minimum distance 
shall be 2 in. 





TABLE L—ALLOWABLE STRESSES AT DIFFERENT TEMPERATURES FOR THE 
THREE CLASSES OF VESSELS AND FOR THE FOUR GRADES OF WELDING FOR 
STEEL SHELL PLATES COVERED BY THE SPECIFICATIONS 


Longi- = Mini- 
tudinal mum 
joint tensile 
e y, . 
Grade of B ne Ib. per ———Temerature, Degrees Fahrenheit ———- 
Class welding ent = sq. in. 60 650 700 750 800 850 900 950 
55,000 9900 9900 9900 9000 7200 6100 4950 3600 
1 \ 90 50,000 9000 9000 9000 8200 6600 5450 4350 3250 
45,000 8100 8100 8100 7400 5900 4900 3900 2900 
55,000 8800 8800 8800 8000 6400 5400 4400 3200 
B 80 50,000 8000 8000 8000 7300 5800 4850 3850 2900 
2 45,000 7200 7200 7200 6550 5250 43509 3450 2550 
\ 55,000 7700 7700 7700 7000 5600 4750 3850 2800 
Cc 70 = §0, 000» 7000 «7000 7000 6350 5100 4250 3400 2500 
45,000 6300 6300 6300 5700 4550 3800 3000 2300 
D 55,000 a 
Butt-welded 60 50,000 6000 
joints 45,000 5400 
55,000 5500« 
Lap-welded 50 =. 50, 000» 5000+ 
joints 45,000 4500¢ 





@ These values may be employed for all conditions for which Class 3 vessels may be used. 





Inspection. An inspector may designate stages of 
the work at which he wishes to inspect the welded 
joints of a Class 1 vessel, and the manufacturer shal! 
either submit the drum for inspection in such partly 
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completed condition, or as an alternative he may per- 
mit the inspector to witness stages of the welding oper- 
ation at such times as the inspector may select. 


Note: The X-ray examination required for the joints for 
Class 1 vessels provides a greater safeguard than any shop 
inspection, 


Class 2 pressure vessels shall be inspected at least 
twice, and every Class 3 pressure vessel shall be in- 
spected at least once, during construction. 

For Class 2 vessels the first inspection shall be made 
during the welding of the longitudinal joint. At this 
time the inspector shall inspect the plate materia] and 
the fit-up of the work, and observe the workmen to see 
that only qualified welders are employed on the work 
of welding. A second inspection shall be made during 
the welding of the circumferential joints. At this time 
the inspector shall check any new material being used 
which may not have been examined at the time of the 
first inspection, also the fit-up of the vessel at this stage 
of construction and again observe the welding oper- 
ators to see that only qualified welders are employed on 
the work of welding. 

For Class 3 vessels one inspection shall be made dur- 
ing the welding of the longitudinal joint. At this time 
the inspector shall check the plate material and the 
fit-up of the work, and observe the workmen to see that 
only qualified welders are employed on the welding 
work. 

Every pressure vessel] covered by this Code shall be 
inspected while under the hydrostatic-pressure test. 

The manufacturer shall certify that only qualified 
welders, as designated by their qualification symbols, 
have been employed on the work of welding. 

Hydrostatic and Hammer Tests. All fusion-welded 
pressure vessels which are not stress relieved shall be 
subjected to a hydrostatic pressure of sufficient inten- 
sity to stress the longitudinal welded joints to 1% 
times the maximum allowable working stress for the 
grade of welding used in the tank in question, and 
while subject to this hydrostatic pressure a thorough 
hammer test shall be applied. This test shall consist 
of striking the sheet on both sides of the welded joint 
a sharp blow with a long-handled hammer which shall 
be 10 per cent of the weight of 1 sq. ft. of the wall of 
the vessel and not less than 2 lb. The blows shall be 
struck 2 to 3 in. apart along the joints, as rapidly as a 
man can conveniently strike a sharp, swinging blow, 
and as hard as can be struck without indenting the 
metal of the sheet. After the hammer test, the pres- 
sure shall be raised to a point which will stress the 
longitudinal joint to 244 times the maximum allowable 
working stress, and held at this pressure for three 
minutes. 

All vessels which have been stress relieved shall be 
subjected to a hydrostatic pressure of sufficient inten- 
sity to stress the longitudinal joints to 21% times the 
maximum allowable working stress, and held at this 
pressure for three minutes. 


Specifications for the Various Grades of Welding 


‘Grade A Welding. The specifications for Grade A 
welding shall be the Proposed Specifications for Fusion 
Welding of Unfired Pressure Vessels as published in 
he January, 1931, issue of the Journal of the A. W. S., 
vith the exception that Par. 8, Impact Tests, is to be 
mitted and Pars. 12, Hydrostatic and Hammer Tests, 
3, Holes, and 14, Allowable Working Stresses, are to be 
revised as herein set forth. 

Grade B Welding. The requirements for Grade B 





welding are the same as for Grade A, except that no 
X-ray tests are required for the joints of the com- 
pleted vessels, stress relieving is not required in all 
cases, and the ductility requirement by the free-bend- 
test method is reduced from 30 to 20 per cent. 

Prior to, but not exceeding six months, before be- 
ginning the construction of vessels with Grade B weld- 
ing as covered by this Code, the manufacturer shall 
have tested samples of welding of the thickness of plate 
used in the vessels which he is to build in order to 
qualify the process which he employs. The require- 
ments for these qualification tests shall include an X-ray 
examination of the welds, as well as the other tests 
designated for Grade A welding. 

Grade C Welding. This applies to welding that must 
of necessity be done in other than a horizontal position. 
The requirements are as given for Grade B welding, 
except that the samples shall be welded in the position 
encountered in the manufacture of the vessel and the 
required ductility by the free-bend-test method is re- 
duced from 20 to 12 per cent. 

Grade D Welding. Prior to the construction of any 
vessels covered by this Code requiring Grade D weld- 
ing, the manufacturer shall have tested samples of 
welding of plates approximately 44 in. and %% in. thick 
in order to qualify the process which he employs. The 
test specimens shall be the same as for Grade A weld- 
ing and shall meet the following requirements: 


Tensile Test: The ultimate tensile strength shall not be 
less than the minimum of the range stamped on the plate. 

Ductility Test: The percentage of ductility as shown by 
the free bend test shall not be less than 10 per cent. 


Proposed Specifications for Fusion Welding of Drums 
or Shells of Power Boilers 


It is proposed to make the Proposed Specifications 
for Fusion Welding of Drums or Shells of Power 
Boilers, as published in the March, 1930, issue of 
the Journal of A. W. S., conform with those published 
in the January, 1931, issue of the Journal of the A. W. 
S. under the heading of “Proposed Specifications for 
Fusion Welding of Unfired Pressure Vessels,” except in 
the following particulars: 


Par. 8—Impact Tests. Omit. 
Par. 12.—Hydrostatic and Hammer Tests. Change 
to read as follows: 


Hydrostatic Test. The vessel shall be subjected to a 
hydrostatic pressure of sufficient intensity to stress the 
longitudinal joints to 2% times the maximum allowable 
stress, and held at this pressure for three minutes. 


Par. 13.—Holes. Change to read as follows: 


Holes. No unreinforced holes shall be located in a welded 
joint. When an unreinforced hole in the plate is located 
near a welded joint, the minimum distance between the 
edge of a hole and the edge of a joint shall be equal to the 
thickness of the plate when the plate thickness is from 1 
to 2 in. With plates less than 1 in. thick, this minimum 
distance shall be 1 in. With plates over 2 in. in thickness, 
the minimum distance shall be 2 in. 


Par. 16—Add a new paragraph to read as follows: 


Inspection. An inspector may designate stages of the 
work at which he wishes to inspect the welded joints of a 
vessel, and the manufacturer shall either submit the drum 
for inspection in such partly completed condition, or as an 
alternative he may permit the inspector to witness stages 
of the welding operation at such times as the inspector may 
select. 


Note: The X-ray examination provides a greater safe- 
guard than any shop inspection. 
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British Practice in 


the Welding of Monel 
Metal and Pure 
Malleable Nickel 


By N. C. MARPLES, M.Se. 


+ Mr. Marples is head of the Technical Service Section, 
Monel-Weir, Ltd., Cathcart, Glasgow. 


[= rapidly extending use of monel metal in 
practically every industry, and of pure nickel 
for many types of apparatus in the Dairy and 
Food Industries, renders some consideration of the 
welding methods applicable to these materials of 
general interest. 

Monel metal is, of course, a copper nickel alloy of 
high nickel content, containing about two-thirds nickel 
and one-third copper, associated with approximately 
3 per cent of other metals in carefully controlled 
amounts. In appearance it resembles silver and be- 
haves chemically in a very similar manner to pure 
nickel, while being at the same time stronger, tougher 
and cheaper than the latter. 

From the standpoint of the welder the practice to 








be followed with monel metal applies also with nickel, 
which in the recognized malleable forms is of over 99 
per cent purity. 

Note.—While this article deals with welding and welding 
methods, it must be noted that both Monel Metal and Pure 


Nickel can be soft soldered, silver soldered or brazed just 
as readily as copper, employing the same methods and fluxes. 


Welding Methods: On account of the difficulty 
of fluxing off the oxide film which forms at a welding 
heat, neither monel metal nor pure nickel can be sat- 
isfactorily “fire welded” in the manner followed with 
mild steel or wrought iron. Both metals can, how- 
ever, be welded quite readily by the oxy-acetylene 
process and also by the various electrical methods 
(these including carbon and metallic are welding, re- 
sistance welding, butt welding, spot welding and 
seam welding) provided the working conditions are 
adjusted to suit the metal.’ 

Choice of the Method: For general work the meth- 
ods most commonly adopted are: 


(a) oxy-acetylene welding 
(b) Metallic are welding. 


Additional to these, electric spot welding and elec- 
tric seam welding have proved very satisfactory for 
particular purposes, while for such parts as chain 
links, electric butt welding has given excellent re- 
sults. 

In regard to this latter it should be noted, how- 
ever, that chain links, made by chisel pointing the 





1 American practice in the welding of these metals is covered 
in the Working Instructions of the International Nickel Co., and 
the paper “Production of Ductile Welds in Nickel and Monel 
Metal.” N. B. Pilling and T. E. Kihlgren, Trans. Am. Welding 
Soc., April, 1929. 
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ends before butting, are regularly welded both by the 
metallic are and oxy-acetylene processes with com- 
plete success. 

As the fabrication of apparatus from sheet is the 
most common application of welding, the table in 
Fig. 1 will give a useful guide as to the choice of the 
method for such work. In this table the relative 
suitability of the various methods in relation to the 
thickness of metal is indicated by the letters A, B, C 
and x, the significance of these letters being as 
follows: 

A= Good method easily applied. 
B = Method can be used easily in special cases. 
C = Method can be used, but with some difficulty, where 


other methods are rejected for special reasons. 
x — Method impracticable for this thickness. 








WN (a) 
7 (6) 
—_ (ec) 








(F) 


Fig. 2 


WELDING PRACTICE 


Note.—While Monel metal is specifically mentioned, the 
same methods hold good for Pure Nickel. 

Oxy-Acetylene Welding: This being the method 
most usually adopted for general work it will be de- 
scribed first: 

The Gas Supply: Either acetylene from a genera- 
tor or dissolved acetylene can be used. As, however, 
the prime essential for the oxy-acetylene welding of 
monel metal is a flame which is just on the reducing 
side of neutral, an even gas pressure is of great im- 
portance, particularly for light work. On this ac- 

int separate cylinders of dissolved acetylene for 
each worker are preferable, since where several 
torches are served by a ring main from a common 
enerator, the fluctuations in pressure caused by large 

‘ners cutting in and out make the control of the 
fla ne for light work distinctly difficult. 

Size of Burner: The size of burner selected for 
ling Monel Metal Sheet of any particular thick- 
‘ should, in general, be one size larger than the 
er recommended for the welding of mild steel of 

‘same thickness. This is necessary since as a re- 

Cu ing flame is employed, considerably less heat is 


7 
°} 











developed for any particular size of burner than 
would be the case if that size of burner were operat- 
ing with the usual neutral flame employed in mild 
steel welding. 

Oxygen Control: On the top of the oxygen cylinder 
it is usual to have a diaphragm reducing valve by 
which the pressure of the oxygen supplied to the 
burner can be varied between zero and approximately 
25 lb. per sq. in. The author has found that it is of 
the greatest importance that this diaphragm valve be 
set correctly to correspond with the thickness of metal! 
which is being welded. Some welders are apt to argue 
that they have complete control of the oxygen supply 
to the burner by means of the valve on the torch. 
While this is true to some extent, there is always the 
danger that a very slight modification of the valve 
on the torch will have a very big influence on the 
nature of the flame if there is a heavy pressure behind 
the valve. Consequently, for the welding of sheet say 
16 i.s.w.g. thick, it is recommended that the pressure 
at the diaphragm reducing valve be cut down to ap 
proximately 8 lb. per sq. in. and to 5 lb. per sq. in. 
for 26 i.s.w.g. To attempt to work these thin gages 





Fig. 3—20’-0” x 5'-0” Ebbulition Chamber for Caustic Soda Plant 
Chamber Constructed of ™%” Thick Pure Nickel Sheet with Welded 
Joints 


with a valve set at 20 lb. per sq. in. is bound to lead 
to trouble sooner or later. 

Setting of the Flame: Supposing the flame to have 
been set neutral, as if for welding mild steel, then the 
correct “reducing” flame for Monel Metal is obtained 
by gradually closing the oxygen valve on the burner 
until on examining the flame through blue glasses a 
small lilac colored flame can be seen to dart in and 
out of the inner blue cone. Once this is seen to be 
occurring regularly it may be taken that the flame is 
correctly set for welding Monel Metal. 

Fluxes: The most satisfactory flux for oxy-acety 
lene welding Monel Metal is ordinary Powdered Boric 
Acid (not Borax). This Boric Acid may be applied 
simply by sprinkling it on the part to be welded, or 
alternately may be made up into the form of a sat- 
urated solution in alcohol. In this latter form it can 
be applied to the parts to be welded with a soft bru 
the alcohol then rapidly evaporates, leaving a thin 
film of Boric Acid on the metal. 

The Use of the Filler Rod: For flat butt welds on 
Monel Metal Sheet thinner than 18 i.s.w.g. it is usual 
to avoid the employment of a filler rod, the weld 
being made simply by flanging up the edges of the 
sheet to a height of about 3/32 in. and butting the 
two flanges together (see Fig 2a). This flanging 
should be done carefully and the flanges left so that 
they are slightly inclined to each other—i.e., the 
flanged edge is only turned up about 75 deg at 
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90 deg. These two flanges are then fused down into 
the body of the sheet by the application of the torch 
(Fig. 2b). On this thickness of work the ridge left 
after welding should be hammered down flat (Fig. 
2c). For sheets thicker than 18 i.s.w.g. the edges of 
the sheet should be chamfered at an angle of 45 deg. 
(Fig. 2d), and a filler rod coated by dipping it into 
a saturated solution of Boric Acid in alcohol should 
be applied. The diameter of the filler rod should be 
the same as the thickness of the sheet. 

For corner welds on sheets thinner than 18 i.s.w.g. 
the edges should be flanged up at 45 deg. and the 
flanged parts butted together (Fig. 2e), afterwards 
fusing down in the same manner as for flat butt welds 
—Figs. 2a and 2b; heavier than 18 i.s.w.g. the sheets 
are butted edge to edge at right angles to each other 





Fig. 4—Pickling Crates in German Metallwarenfabrik Constructed of 
14” Thick Monel Metal Sheets—All Joints Welded 


and the 90 deg. crevice so formed (Fig. 2f) filled by 
fusing in the filler rod. 

Some interesting examples of welded work are 
shown in Figs. 3 to 6 inclusive. 

Metallic Arc Welding: There are two main essen- 
tials for Metallic Arc Welding of Monel Metal and 
Pure Nickel: 

1) Reversal of polarity, i.e., 
instead of positive. 

(2) A satisfactory deoxidizer and flux coating on the elec- 
trode. 


the work should be negative 


The flux used must possess certain definite char- 
acteristics, including: 


(a) Good deoxidizing qualities. 
(b) Good fluxing qualities for any oxide formed. 
(c) Good slag forming qualities—the slag to float readily 


to the top of the metal and protect it from oxidation 
during solidification. 

Such a flux coating is that prepared and applied to 
Monel Metal Rods by Messrs. Alloy Welding Proc- 
Limited. This flux coating is clean to work 
with and fulfills the above requirements very satis- 
factorily. In addition it adheres tightly to the Monel 
Metal wire, enabling the latter to be bent and handled 
without the coating becoming detached. 

Apart from the foregoing requirements the prac- 
tice in Metallic Arc welding Monel Metal and Nickel 
is practically identical with that for steel welding, 
and no further comment is therefore necessary. 

Electric Spot Welding: Monel Metal or Pure 
Nickel can be successfully spot welded on most of 
the spot welding machines that are on the market, 


esses, 


though care is necessary to prevent burning of ‘he 
metal. In spot welding care must be taken that the 
pressure is on the metal before the current is passed 
through the work. Should there be an air gap be- 
tween the metal and the electrode of the machine, 
the material will not be welded throughout, but merely 
stuck together, and can be broken very easily. Spot 
welding can be done with water flowing over the 
electrode. This prevents or minimizes oxidation at 
the weld. 

Automatic Electric Seam Welding: There are 
available on the market today several seam weld- 
ing machines designed to make a continuous spot 
weld, and these can be used successfully on Mone! 
Metal. The practical limit for electric seam welds 
on Monel Metal is 18 i.s.w.g., the method being un- 
suitable for sheets thicker than this. It is essential, 
however, that a machine with ample capacity in the 
secondary winding be used, otherwise penetration wil! 
not be good. Satisfactory penetration on Monel Meta! 
is only obtained with considerably higher amperages 
than with steel. 

The method involves a lap seam, and whereas 
fairly neat jobs can be made with a seam weld, this 
method should not be chosen where the best appear- 
ance is desired. Due to the necessity of using a la) 
a double thickness of metal is introduced at the seam 
This may in some cases be a disadvantage either for 
mechanical reasons or because of the appearance. 

The work must be well supported under the seam 
welding machine so that the Monel Metal at the line 
of ‘the weld and immediately adjacent to it cannot be 





Fig. 5—Pure Nickel Five-Compartment Milk Storage Tank 


bent during the time the weld is made and until the 
metal has cooled down below 400 deg. C. Any move- 
ment of the metal at a red heat will weaken it, and 
even if fractures do not appear at once, the probabil 
result will be cracks occurring along the line of the 
weld after the job is in service. 

For seam welding, as for all tyres of spot or butt 
welding, the metal must be perfectly clean. Water 
flowing over the electrodes at point of contact re 
duces oxidation at the welds. 

CORROSION RESISTANCE OF WELDS ON MONEL 
METAL AND PURE NICKEL 

One of the outstanding advantages of welded 

struction on Monel Metal and Pure Nickel is 


the corrosion resistance of the weld, if carefully m2 
is practically as good as that of the metal itself 
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An interesting instance of this is afforded by the 
Pickling Crates illustrated in Fig. 4. This shows a 
number of Monel Metal crates built from ¥-in. thick 
Mone! Metal sheet with oxy-acetylene welded joints. 
These crates were put into service over three years 
ago and are continuously employed for pickling steel 
parts in either 10 per cent Sulphuric Acid or 25 per 
cent Hydrochloric Acid. Despite these severe cor- 
rosive conditions the welds, after over three years’ 
service, are practically unaffected. 





Fig. 6-—Welded Monel Metal Link Chains for Acid Pickling Service 


Another important feature of welded joints on 
Monel Metal and Nickel is that the exposure of the 
metal to welding heat does not induc@ that unpleasant 
phenomenon now so familiar to those who have at- 
tempted to construct apparatus from thé Austenitic 
Nickel Chromium Steels, i.e., “weld decay.” Conse- 
quently the troublesome and often impossible heat 


Light Gauge Tanks 


+ Actions taken by Boiler Code Committee, A.S.M.E., on 
Inquiries and Investigations on Light Gauge Tanks. (A 
series of investigations conducted Ly the Joint Pressure 
Vessel Committee of the A.B.W. and A.S.M.E. were reported 
in the February, 1931 issue of the Journal of the American 
Welding Society). 


CASE NO. 677 

Inquiry: May the longitudinal seams of tanks for 
the storage of air or water under pressure at not to 
exceed 150 lb. per sq. in. be made under the rules of 
the Code for Unfired Pressure Vessels by using the 
electri al, resistance, compression, butt weld method? 
rhis process of welding involves bringing the two edges 
I the sheet together at one point and applying locally 
and continuously a current of sufficient intensity to 
the edges to the welding temperature, and while 
ited section is in a plastic condition, compressing 
res together so as to obtain thorough union 
Reply: It is the opinion of the Committee that al- 
U this method of welding is not provided for in the 
t may be used with safe results provided the ma- 
nd construction of the tank come within the re- 


( ) + 


ents of the Code, and provided: 


ter 


plate used for tanks for the purposes described 
s method of welding shall conform to Specifica- 
< for Steel Plates of Flange Quality for Forge 


1 s method be limited to the use of plate not over 
ied hick; 
T . . 
: or to the welding operation the edges of the 
a the electrical contact area shall be cleaned so as 
. se surfaces from all scale, oxides or grease; 
x weld be made progressively and continuously 
er 


ntire length; 



































































treatment necessary with these latter materials, it 
“weld decay” is to be avoided, is not in any way 


necessary with Monel Metal or Pure Nickel. 


PRODUCTION OF MACHINABLE WELDS ON CAST 


IRON 
No paper which deals with the welding of Monel 
Metal would be complete if it did not make som 


mention of the valuable qualities of Mone! Metal as 
a welding material for damaged iron castings. Monel 
Metal is being increasingly employed for this purpose 
and has the advantage that the welds produced on 
iron castings with Monel Metal] Electrodes are quite 
readily machinable. This, of course, is contrary to 
the results obtained when steel or iron electrodes a 
employed. 

Welds on cast iron, employing Monel Metal Rod, 
may be made either by the electric or oxy-acetylene 
process, the former being, however, preferable, since 
the heat is much more localized and pre-heating of e. 
the castings to avoid cracking is therefore unneces 
sary. 

For satisfactory results to be obtained, the Mone! 
Metal Wire should have a good deoxidizer and flux 
coating. 
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That the offset of the edges due to the compressing shal 
not exceed 60 per cent of the thickness of the plate; 

That the prescribed tests for the hydrostatic pressure as 
specified in the Code are complied with; 

That the unit stress shall not exceed 8000 lb. per sq. in 

A revision of the Code to cover the above is unde! 
consideration. ry 
CASE NO. 678 

3139—For the same reason as cited in Case No. 677, 
an interpretation was formulated to cover the question 
of the insertion of dished heads which was raised by the 
John Wood Manufacturing Company, as follows: 

Inquiry: May the heads of tanks for the storage of ai: 
or water under pressure not to exceed 150 lb. per sq. in. be 
inserted into the ends of the cylindrical shell, either concave 
or convex to pressure, and secured by fusing the edges of 
the shell to the head or the edges of the shell and head 
flange, under the rules of the Code? 

Reply: It is the opinion of the Committee that al- 
though this method of construction is not provided for in 
the Code, if the shell plate does not exceed 0.135 in. in 
thickness and heads do not exceed 0.15 in. in thickness, 
tanks for the purpose described with heads inserted in 
the ends of the shells, either concave or convex to pres 
sure, come within the requirements of the Code, pro 
vided: 

That the heads are designed in accordance with Pars 
U-36 to U-39 of the Code; 

That the head concave to pressure is inserted so that not 
more than % in. of shell projects beyond the point of tar 
gency of the flange and knuckle before welding, and that 
the resulting valley is filled in with weld metal formed by 
fusing the projecting edge of the shell or/and the introdu 
tion of extraneous metal; 

That the head convex to pressure is inserted so that the 
edge of the flange is substantially flush with edge of th 
shell and the two thoroughly fused together, or as show: 
in Fig. U-7b, using fusion welding; 

That the prescribed tests for the hydrostatic pressure a 
specified in the Code are complied with. 

A revision of the Code to cover the above is under 
consideration. 
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Automatic Are Welding in 
the Electrical Industry" 


By G. H. KOCH 


+ This paper was prepared by Mr. G. H. Koch, General 
Engineer, Westinghouse Electric & Manufacturing Company, 
and was presented at the Southern District Meeting of A. I. 
E. E. Leuisville, Ky., Nev. 1931. 


4k use of arc welding to build up an integral 
structure from a large number of commercial 
steel shapes and plate members is one of the 
recent developments in machine design and construc- 
tion. The manufacturers of electrical machinery 


were among the first to take advantage of the flexi- 
bility and new design liberties afforded by this meth- 


- 





Fig. 1—Westinghouse Automatic Welding Head 


od. At present the design of the welded structures 
is undergoing careful revision to permit the utmost 
use of the automatic welding head to replace the 
manual welder in the shop. The additional economy 
and better control justify a large shop investment of 
properly selected tools and handling devices. 


Manual Welding 


Recent publications have thoroughly discussed the 
advantages of arc welded products over the struc- 
tures they have superseded. This applies both to 





the fabricated machine members replacing castings 
and to the welded rlate and structural members 
formerly riveted. The change in method of produc- 
tion indicates only the use of a new art to obtain the 
desired results more economically or with greater sat- 
isfaction and dispatch. Where manual welding 
employed, the trained welder replaces the trained 
foundryman or the skilled riveter in obtaining the 
final results. In both the old and the new process 
the quality of the product is as much dependent upon 
the care and vigilance of the artisan in overalls as 
upon the judgment and slide rule of the designer. 
In the performance of his work the experienced 
manual welder reflects good training and muscular 
control. With his eye and ear intent upon the are 
he imparts several distinct motions to the electrode 
with accuracy and uniformity thereby obtaining the 
necessary fusion and electrode deposit. With stead, 





Fig. 2—Automatic Seam Welder for Tank Sheets and Tubes 


hand and alert eye he corrects any fault in the re- 
peated cycles of the operation. These functions per- 
formed by the trained operator are particularly suite 
to reproduction by machinery. The arc voltage must 
be maintained at a constant value and the electrode 
feed toward the arc should be as uniform as is con- 
sistent with a constant arc length. The progress 

the arc along the seam should be steady and at a fixed 
rate. These are all simple tasks for the machine but 
when carried out manually, only a well-trained and 
skilled operator will produce satisfactory results 


Automatic Arc Welding 


In an automatic arc welding machine an elect! 
motor is used to feed the electrode at the requir 
rate to maintain a constant are length or voltage 
tween the electrode and the work. Elements sens! 
tive to arc voltage automatically regulate the direc: 
tion and speed of the electrode to maintain this ar 
length constant even on an irregular surface. Sep 
rate motor driven deVices provide a uniform moto! 
of the arc along the seam and a weaving motion across 
the seam where this is desired. After the currem 
value, arc voltage and travel sreed are selected tor 
given job, the operator is required only to start an¢ 
stop the welding operation and to change the wor 
In some high production work even this is done auto 
matically. 

Since the conditions at the arc as to speed, curre!™ 
and arc voltage affecting the heat distribution alon! 
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the seam remain very constant, the best combination 
can be worked out and welds of the highest quality 
can be duplicated without difficulty. The fact that 
all variables are under control favors increase of 
welding speed to the limit. 

As a general rule only slightly larger electrodes are 
used for automatic welding than for hand welding 
on a given job. Increased welding speed is brought 
about largely by the fact that a higher current density 
in the electrode is possible than in hand welding be- 
cause of the shorter current path in the electrode from 
the holder to the arc. About 25,000 amperes per 
square inch of electrode section is common in auto- 
matic welding compared with 10,000 amreres per 
square inch in hand welding. This increased current 
concentration at the arc makes for better fusion and 





Fig. 3—Lap Weld Made by Automatic Welding 


improved stability. Usually less deposited metal is 
required in automatic welding because of this factor 
and because of the greater general reliability. Fur- 
thermore, since the electrode is fed continuously 
from a reel there are no interruptions such as the 
manual welder introduces in changing electrode rods. 
All of these factors tend toward increased speed and 
better welds. 

The comparative welding speeds for automatic and 
manual are welding are now fairly well known for 
existing commercial electrodes. In general it may 
be said that simple continuous welds may be made 
with an automatic welding head in one-third to one- 
sixth of the time required by an expert manual welder. 
The first figure holds for welds on material greater 
than 14 in. thickness, whereas the greatest time sav- 
ing is effected with the thinner sheets. 

Fig. 1 shows an automatic welding head ready for 
welding. The electrode feed is automatically regu- 
lated through a motor drive by a control system lo- 
cated in a separate cabinet. The electrode passes 
through a long nozzle after it leaves the driving rolls 
and emerges at the lower end to be fused in the arc 
and deposited on the work. The welding current en- 
ters the electrode through the sliding contact in the 
noz7 

Applications 


Ure of the earliest applications of automatic weld- 


ing |) the electrical industry was in connection with 
he ‘pair of steel street car wheels. Because of the 
shar irves in the right-of-way there is considerable 
wea! the flange to change the wheel face contour. 





The shape of the face must be restored after a lim 
ited amount of wear has taken place and unless the 
worn section is built up by welding an excessive 
amount of material must be cut from the face of the 
wheel. 

One man can keep the four automatic arcs in ope) 
ation, thereby doing the work of twelve manual weld- 
ers. The automatic weld sets uv much lower shrink 
age stresses in the wheel than a manual operatio1 
since a large number of beads are added successive! 
at a relatively high speed, thereby providing a un 
form heat distribution. 

Automatic welding was next introduced in the man 
ufacture of sheet steel tanks for transformers and 
circuit breakers. Fig. 2 shows a seam welding clamp 
used to make longitudinal butt and lap welds in 
round, elliptical or rectangular tank shells. A large 
shell or a number of small ones are held against a 
backing bar by air pressure clamping fingers and 
the weld is made by the automatic head, which is 





Fig. 4—Two Heads Used Simultaneously in Welding Circuit Breaker 
Tanks 


mounted on the travel carriage. The carriagé¢ 
mounts the electrode reel and operator’s controls an: 
is self-propelled at any desired welding speed 
trackway built integral with the air clamp fram: 
An oiltight reenforced butt weld is made on 5 16 
in. thickness steel at a rate of 20 ft. per hour wit! 
out beveling or otherwise preparing the edges. T!} 
weld is reenforced on both sides and must pass rigid 
inspection for appearance as well as for strength ane 
density. For maximum strength and best appearanc: 
on heavy sheets such a weld is often made in a num 
ber of passes. For instance, with 5/16-in. plate the 
unprepared edges may be separated \% in. and the 
first weld made at 60 ft. per hour, using 3/16-in 
mercial electrode wire and 320 amperes. The second 
weld is then made at 30 ft. per hour, using the sam 
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electrode but only 190 amperes with a slight oscilla- 
tion across the seam as the weld progresses. This 
method insures complete penetration with reenforce- 
ment on the under side to conform with a groove in 
the backing bar. The outside of the weld becomes a 
flat reenforcement of great strength and good appear- 
ance. Welds on other structures of the same plate 
thickness can often be made at higher speeds, but 
circuit breaker and transformer tanks require com- 
pleted seams of the highest quality. A weld as de- 
scribed above cannot be duplicated by an expert man- 
ual welder at a speed greater than 6 ft. per hour 
using commercial electrodes. The comparison shows 





Fig. 5—Small Circuit Breaker Tank During Welding Operation 


a time saving of 70 per cent. On lighter plates the 
saving is still greater. Fig. 3 shows a close-up of a 
lap weld made on the seam welder with an automatic 
head. 

A method of welding bottoms in cylindrical circuit 
breaker tanks is illustrated by Fig. 4. The shell is 
centered on a turntable flush with the floor level and 
is rotated under the ares held by the two automatic 
heads. In this way the bottom of a 42-in. diameter 
tank with a *<-in. wall thickness is welded in 18 min. 
by a single operator compared with 2% hr. manual 
time. Fig. 5 shows the side wall of a smaller tank 
being welded to a cast steel reenforcing ring on the 
same machine with the heads lowered on their sup- 
porting pedestal to a point near the floor level. 

With the recent advent of electrical machinery 
frames fabricated from structural members and plates 
welded together to take the rlace of castings, auto- 
matic welding received another impetus. The design 
of these fabricated frames and structures is now 
undergoing revision to admit the maximum use of 
automatic welding. The additional economy, strength 
and reliability afforded by the automatic operation 
justifies a large shop investment in tools and handling 
devices. 

Fig. 6. shows a machine especially developed to 
weld short straight seams. The welding head is 
mounted on an arm, which reciprocates along the joint 
at welding speed. The wire reel and operator’s con- 


trol are mounted on the base of the machine so that 

the entire unit may be moved to a heavy piece of 

work within the radius of the supply cable reach. 
For heavy 


fillet welding it is necessary to tilt the 





work to obtain the most satisfactory results. This j 
especially true of plates greater than 5/16 in. in thick- 
ness for a full strength fillet. With one vertica} 
and one horizontal surface for the fillet each de- 
posited bead has a tendency to spread out over the 
horizontal surface producing a decided overlap to- 
gether with poor fusion and ragged appearance. A 
large number of smaller beads at relatively high speed 
decreases this tendency to overlap, but forms a series 
of parallel grooves resembling cracks between adja- 
cent beads. Tilting the work is very effective in ob- 
taining a normal fillet such as is produced by an ex- 
pert hand welder with proper manipulation. With 
the two surfaces. to be joined inclined at 45 deg. to the 
vertical a trough is formed for the weld metal per- 
mitting maximum welding current and metal deposit. 

The use of automatic welding is not limited to heavy 

















Fig. 6—Machine to Complete a Ring by Automatic Weldins 


welds on large joints. As a matter of fact, the tim 
saving over manual welding shows up greatest 0! 
thin sheets and small beads. 

Fig. 7 shows an automatic welding applicat 
the assembly of small safety coil tanks. The wor 
consists of one deep drawn shell with terminal outlets 
forming the top and sides of the tank. The ! ingee 
bottom is pushed into the tank shell and the join 
sealed with a fillet weld. The weld is made af 
tank is loaded with its coil parts and filled w 











ja 
ob- 
ex- 
ith 
the 
er- 
sit. 
AVY 


4 














1931 OXY-ACETYLENE 


WELDED 


PIPE LINES 











sulating gum. A special type of handling machine 
was developed for this work to provide ease of load- 
ing and unloading and adaptability to a range of 


lengths and diameters. The bed of the machine is 
mounted on trunnions to permit welding at the most 
desirable angle and to present either end of the tank 


to the are without inverting the tank. The driving 





Fig. 


7—Manufacture of Safety Coils by Automatic Welding 


element consists of four parallel flanged supporting 
ollers on two shafts driven by an electric motor 
through,a gear train. By using this driving system it 
s necessary only to place the cylinder on the rollers 
prepare it for the- welding operation. The pe- 
pheral or welding speed remains the same for all di- 
meters with one adjustment. 
This weld is completed in 45 sec. compared with a 
elding time of 7 min. for the manual operation. A 
welding current of 140 amperes and %-in. diameter 
electrode is used to make complete the seam on the 
i4 gage material at a welding speed of 140 ft. 
er hour. A speed of 2000 ft. per hour would be 
obtainable with increased welding current at 
sacrifice in appearance. 


Possibilities 


saving in welding time effected in each of the 
tions illustrated in this paper should give a 
ication of the possibilities of the automatic 
head in leading the way to new production 
s. Provided work handling apparatus is in- 
limit the handling time in changing the work 
ded such apparatus can be installed at rea- 
xpense nearly every production welding job 
to automatic welding from the economical 
In some applications where handling time 

1 idably the bulk of the welding.time for any 


ved and consistent results. 


‘utomatic welding can still be considered for 


Success of Oxy-Acetylene 


Welded Pipe Lines 


By G. O. CARTER and T. W. GREENE 


En 


Section 


+ This paper was prepared by GC. O. Carter, Consulting 
Pap I F 


gineer and T. Greene, Engineer, Development 


The Linde Air Preducts Company, New York, and was pre 
sented before the Annual Cenvention of the International 
Acetylene Asen., Chicage, Nev.. 1930 


URING this vear of rather marked industrial d 

pression, particularly in the steel industry, th 
one outstanding bright spot has the unprec 
dented demand for line pipe and the construction of 
pipe lines. Accompanying this activity, there has, of 
course, been a very extensive application of ox) 
ylene welding in this industry. This 
nessed the starting of several of the largest and long 
est lines in the world and has been accompanied by an 
extremely broad activity in the welded construction 
of numerous lines throughout the whole country. 

To review adequately the success of oxy-acetylen: 
welding of pipe lines, it is necessary both to review 
the history of welding and to present the statistical! 
growth of the pipe line industry itself. The 
struction of pire lines may be divided into two ma 
divisions of oil and gas; although a third classifica 
tion of gasoline transmission lines has assumed and 
promises to become a major field in the future. T 
date there are approximately 99,000 miles of oi! trunk 
and major gathering lines in the United States. T} 
is, in addition, also about 57,000 miles of natural gas 
lines. Since the laying of the first high pr« 0 
line, extending from Cherokee Station, Okla Bal 
tlesville to carry 700 ib. pressure, built in 1919-20 by 
Mr. Noah Wagner, Superintendent of Welding of the 
Prairie Pipe Line Co., who was awarded the M 
head Medal by this association, the 
cation of oxy-acetylene welding to oil pips nes ha 
been phenomenal. During the 
construction of these lines 
rated, welding has been almost 
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Oil Lines 
To illustrate the extent and magnitude of the oil 
lines even in localized sections of the country, Fig 


l is presented showing the transmission nes fron 
the Hendricks, Yates and other west Texas pools 


refineries in Oklahoma and to Tidewater From thes 
pools there are ten major systems to date, some 
which are looped with three parallel lines 
capacity of over 300,000 barrels per day. All of the 
lines are welded and with the exception of one 
oxy-acetylene welded. Extensive as this mileag: 


potential capacity of the fields which ultin 
be provided with pipe line facilities, will 
laying of two and possibly three times the prese! 
number of lines. 
The whole history of oxy-acetylene welding 

lines, including as it does literally tens of thou 

of miles carrying pressures of 750 lb. and higher, | 
been exceedingly gratifying. There has rare] 


aer 
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been a failure of the joint. In fact, there are several 
existing systems, involving 3000 miles or more, in 
which a joint failure has yet to be experienced. Mil- 
lions of barrels of oi] have been and are being trans- 
ported without the loss of a single barrel. Oxy- 
acetylene welded joint has indeed proven to be a very 
economical and thoroughly reliable pipe joint for oil 
transmission. 

Due to the conservation policy in oil production 
and the proration of the large oil pools, building of 
long transmission lines this year has been somewhat 
limited as compared to the last two. There has, of 
course, been the usual building of short lines and 
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Fig. 1—Oil Pipe Lines from West Texas Pools 


gathering and extension of existing oil transporta- 
tion systems to the new fields, as to Oklahoma City 
pool and the Hobbs field in northeastern Mexico. 
There have, however, been two major installations, 
the Ajax pipe line, a twin or double 10-in. oil line, 
about 750 miles, running from Oklahoma to St. Louis 
and the Gulf Company line extending from Oklahoma 
to Pittsburgh. Oxy-acetylene welding is used exclu- 
sively in the former and extensively in the latter. 


Gas Lines 


The most important activity in the pipe line indus- 
try this year has been the phenomenal development 
and construction of gas lines, to some extent for the 
transportation of manufactured gas, but principally 
for the transmission over long distances of natural 
gas. Only a few years ago the transportation of nat- 
ural gas, for example 250 miles, was regarded as a 
wonderful achievement. This year has witnessed the 
starting of building of enormous lines, 22 in.-24 in. 
in diameter, running over 1000 miles in length in 
order to make available to communities in Illinois, 
Minnesota and Indiana the cheapest and cleanest of 
fuels produced in the gas field of the Panhandle sec- 
tion of Texas and other mid-continent fields. Three ma- 
jor 24-in. lines have been started from the Panhandle 
field this year; one of these to the Omaha and south 
Nebraska regions; another, the Amarillo to Chicago 
line being built by the Continental Construction Com- 
pany for the Doherty-Insull interests and other com- 
panies, and the third one by the Missouri-Kansas 
Pipe Line Company to Indianapolis and other towns 
in Indiana and Kentucky. Oxy-acetylene welding, 








with the exception of the first one, which was con 
structed with rubber couplings, has been used exten- 
sively in the construction of these large diameter, 
major projects, the lines being built by what is known 
as composite construction, in which two to three or 
more joints are welded together and then coupled 
Oxy-acetylene welding has offered to the gas, as 
well as to the oil industry, an economical and leak- 
proof joint that has proved highly satisfactory. Any) 
review of published statistics on leakage will reveal 
the success of welding in reducing the leakage to a 
negligible figure; in fact, leakage as low as 10,000 cu. 
ft. per year rer mile per 3-in. equivalent has been ac- 
cepted as standard, a figure undreamed of before the 
advent of welding. It has been reported, that leakage 
tests have actually shown an increase in the gas in 
the line, although officially it has never been reported 
where any testing division of an operating depart- 
ment has credited the construction department with 
creating gas as a result of employing welded construc- 





Fig. 2—Oxy-acetylene Welding Large Diameter Transmission Lines 


tion. Welding, nevertheless, has forced refinements 
in metering and measurements. 

The more or less standard practice today has been 
to use solid welded construction for lines smaller than 
18 in. Solid welded construction also has been used 
on larger sizes, as 18 in. and 20 in. Above 20 in. di- 
ameter, however, the general practice has been to usé 
composite construction. 


Welding Large Diameter Pipe 


It is desirable to review some of the reasons why 
composite construction is used on the larger lines 
because the solid welding of large diameter presents 
and necessitates special engineering consideration 
and construction. Theoretically, the unit stresses s¢! 
up in a large pipe as a result of temperature drop a 
the same as for small line, but due to their very »@ 
ture, there probably is an unequal distribution of the 
contraction forces in large diameter which imposé 
higher stresses on certain elements than on others. 
The problem is further complicated by the introduc 
tion of differential stresses in a large line during ¢o™ 
struction. Moreover, it is exceedingly more d'fficu’' 
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to provide adequately the slack in the line required 
to compensate for contraction. The accompanying 
figure shows slack wallops in a 24-in. line. The lay- 
ing of these wallops, which at the best provide for 
only about half of the contraction requirements, im- 
poses very high stresses, stresses so high, in fact, 
that failure may occur unless the welding is of the 
highest quality. These are only temporary and are 
relieved on lowering the pipe to the bottom of the 
trench but complicate the laying of the line. 

In addition to the temperature stresses, there are 
super-imposed bending stresses which from the very 
nature of the line cannot be minimized in the larger 
diameters. Smaller pipe can be easily cold bent to fit 
the contour of the ground closely but in the larger 
diameters this cannot be carried to such accuracy, 
with the result these strains may become very exces- 
sive. Theoretically, for the same deflection the 
stresses will increase in proportion to the diameter 
which, although they may be negligible for small di- 
ameter, become very high as the pipe sizes increase. 





F 


4—How the Liner Is 
Welded into a Line 


Fig. 3—Making Slack Wallops Fig. 
in 24-In. Overland Line 


These, of course, can be reduced and alleviated by 
changing the construction from that of a solid con- 
tinuous tube to that of a series of free length beams, 
as it were, by the introduction of couplings properly 
placed. It is for this reason, as well as the simplifica- 
tion in construction that composite construction has 
been more extensively used in the larger sizes. 

There is need for development of more satisfactory 
procedures and methods in the way of bending the pipe 
to meet the contour, of providing for expansion-con- 
traction, and of adopting practices that will assure 
extremely high weld quality to withstand the strains 
set up on the circumferential joint in the construc- 
Hon and operation of large diameter lines. These fea- 
tures have received careful consideration and engi- 
neering thought and procedures have been developed 
which have proved satisfactorily to meet all require- 
ments. But further thought and time are necessary 
to put these into general practice and to speed up the 

uction to prove universally acceptable. 

Une development has occurred this year which may 
7 ‘f decided importance in the future construc- 
gg ' large lines. It has been the generally accepted 
heory of engineers that the maximum length of pipe 
n rubber couplings should be limited to about 
n order that the leakage will be minimized at 


const 


bety 


100 









the rubber couplings. This year has seen the estab- 
lishment of a precedent in which lengths as long as 
350 ft. have been solid welded, and it will be interest- 
ing to note what effect this will have under operation 
Should this rrove satisfactory, it will lead to the weld 
ing of practically the entire line, taking advantage of 
leak proof and economical qualities of the welded 
joint, yet with simplification of construction attend 
ing the use of rubber coupled joints at long intervals 

With the transportation of gas enormous distances, 
economical factors have introduced and necessitated 
the use of extremely high pressures, which, in turn, 
have required special high strength pipe. Pipe in 
large diameters today is being used having a carbon 
content of .30-.40 per cent and an ultimate strength 
higher than 80,000 lb. per square inch, even as high 
as 100,000 lb. The welding industry, fortunately, has 
kept abreast of this development in materials and due 





Fig. 5—Pipe Ready to Be Lowered into Trench 


to the improvements in welding and the development 
of special welding rods, welded joints can be made as 
strong as the pipe. 

The welding of such large diameters and of pipe 
material of such high strength has necessitated rais- 
ing the quality of the welding to such an extent that 
“super-perfect” welding is required to meet the con 
struction and operating services. One outstanding 
development which is being followed this year to give 
assured high weld quality is the use of a thin backing 
up liner to aid in the welding of the pipe joint. These 
liners are of thin material, about 1/16 in.-3/32 in. 
thick, depending upon the pipe diameter, and about 
1% in.-1% in. wide, which fit the inside of the pipe 
joint under the butt weld. The liner with the spacers 
attached to it, accurately governs the spacing and 
permits the operator to fuse readily for the full wall 
thickness. In fact, with special design of liner, it is 
possible to reinforce the inside of the joint, fusing to 
the liner, making it an integral part of the weld 
There are, of course, no protrusions or 
yet it is reinforced on the inside to give a full strength 
joint even without external reinforcement which it 
fallaciously had been assumed compensated for weak 
ness that often occurred at the bottom of the joint 
The liner so snugly fits the inside of the wall that 
there is little obstruction, if any, to the flow of the 
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transmitted fluid. On the larger diameters these have 
proved to be economical and desirable in obtaining the 
weld quality necessary. 


Economy 


As stated before, the oxy-acetylene welded joint 
has been economical. With the development of effi- 
cient welders and the welding more on a mass pro- 
duction basis, which the industry has enjoyed, the 
cost has decreased. The cost today in welding even 
the large diameters is less than the cost of welding 
the smaller sizes several years ago. Means of re- 
ducing the cost and speeding up the welding have 
been given careful consideration. Suitable progress 
has been made along these lines in the way of using 
larger flames, decreasing the angle of the vee and in 
keeping the weld as small as possible. Moreover, there 
has been a decided reduction of the depth of fusion 
into the sides of the vee, as the practice in the past 
of melting for quite a distance into the walls of the 
pipe, carrying a large weld, is somewhat extravagant 
and costly. Many of these developments place oxy- 
acetylene welding in a favorable position with com- 
petitive processes. 

Workmanship in general has shown a decided im- 
provement in the last few years. More and more the 
companies engaged in welding are closely qualifying 
and checking» the welders and with development of 
suitable portable testing machines, now available, this 
type of inspection: has proved decidedly advanta- 
geous in increasing the quality of the workmanship. 
The workmanship on some of the larger lines being 
welded, as a result of this engineering control, is of 
a quality unbelievable a couple of years ago. In fact, 
a study of their test results shows that every joint 
is nearly as perfect as the pipe. 


Gasoline Lines 


Before concluding, a few words should be said of a 
new field for oxy-acetylene pipe line welding that 
offers tremendous possibilities, namely, that of gaso- 
line lines. 

The apparent success obtained by the Standard Oil 
Company of New Jersey in converting their oil line 
carrying oil eastward to the Atlantic Coast into a 
gasoline line carrying gasoline westward, has led to 
some outstanding developments in this field. This 
year has witnessed the beginning of the construction 
of three very long gasoline lines; one, the Sun Oil, 
running from Philadelphia to Pittsburgh, Cleveland 
and other cities in Ohio; second, the Phillips Petro- 
leum line from Texas to Kansas City and St. Louis, 
and the Great Lakes Pipe Line of the Continental and 
Barnsdall companies, a 1300-mile line from Oklahoma 
refineries to Chicago and the Great Lakes region. All 
of these lines are oxy-acetylene welded. The engi- 
neering features in the construction and operation of 
these lines offer no special problem and with the prov- 
ing of the economical factors connected with their use, 
it is anticipated that a new large field of pipe line 
construction will be open to carry gasoline to various 
parts of the country from the refineries of the various 
companies. Some of these, no doubt, as in the oil 
transportation, may become large public carrier sys- 
tems. As the lines are small and particularly adapt- 
able to the oxy-acetylene construction, requiring the 
adaptability, versatility and reliability characteristic 
of this process, a promising future is opened up for 
the use of oxy-acetylene welding in this new field. 





Production Welding by 
Oxy-Acetylene Process 


By E. C. BOOTH 


+ This paper was read before the 31st annual convention— 
International Acetylene Association, Chicago, Illinois——Noy. 
ember 12-14, 1930. Mr. Booth is Chief Engineer, Noblin. 
Sparks Industries, Inc. 


E first entered the manufacturing field with 
W the manufacture of a high-grade automobile 

hand tire pump in the year of 1919. This 
pump used tubing which was bought on the outside, 
was threaded on either end, and screwed into the 
base and the cap. It was the DeLuxe tire pump of 
that time. These pumps were sold by special agents 
to the automobile dealer, and then a little later to the 
jobbing trade, and quite a business was built up. 


Welding of Pumps 


But the time soon arrived when we desired to enter 
the manufacturing field, and with this came the re- 
quirements that we make a pump that was not only 





Figs. 1 and 2—Views of the Plant, Noblitt-Sparks industries, In 
Indianapolis, Ind. 


good but would meet the price conditions that w 
not met with up to that time. 

However, there was one manufacturer who requireé 
a pump with a brass barrel, and we developed « sel!- 
brazing method of brazing the brass barrel to : 
base, in which we used the oxy-acetylene welding 
torch to accomplish this result. And then came te 
development of the steel barreled pump to meet this 
price condition. 


Tubing 


We then entered the manufacture of Steel | Ding. 
We bought sheet stock and sheared it, in the ear’) 
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stage, on a sheet metal shear. We put these strips 
through a tuber, forming it into a tube shape in more 
or less the regular manner that tubes might have been 
formed up to that time, and we then devised welding 
machines which had suitable rolls and adjustments, 
were power driven with oxy-acetylene torch attached 
and the necessary adjustments for guiding and mov- 
ing the torch. 

The torch condition at this early stage did not give 
us tubing that was free from skips, blow throughs 
and misses, but as time went along, the torches were 
supplied until the time arrived when this condition 
was practically ended. Further improvements were 
made in the welding machine and with them came the 
time when, with a few instructions, a girl could oper- 





tubing field, making all types of exhaust and water 
tubing for the automobile manufacturers. About thi 
same time, one of the large manufacturers just ente 
ing the field with a new car, came to us with a great 


deal of new development in the tubing necessary fo1 
the exhaust pipe and muffler tubes. 

One tube required a flange that was about 30 per 
cent larger than the original diameter of the tubs 
This gave us a welding problem in that the tube must 
stand this flanging operation as well as stand a smal! 
bend. The sheet metal had to have some characteris 
tics that would stand this flanging, bending and weld 
ing. Another interesting development in this flanging 
operation was the devising of a method that would 
heat the end of the tube approximately %¢ in. back 





Fig. 3—Semi-Automatic Machines for Bronze-Welding Tire Pumps 


ate one of these machines, and give us a satisfactory 
tube. 

This pump tubing required a weld that needed onl) 
a swedging operation which would straighten the 
tube, and mash down the wrinkles on the inside and 
outside. In the early stages, this was a double opera- 
tion in which we used to handle a hard bar, the length 
of the whole tube and of such a diameter that it could 
be forced into the tube, and then passed between 
heavy rollers. The hard bar was withdrawn, and the 
tube passed through a swedging machine, sizing the 
diameter and making it straight. 

We later developed a new method in which we sup- 
ported a correct sized arbor in the center of the 
swedging die in the swedger, leaving only the clear- 
ance necessary between the arbor and the swedging 
dies for the double thickness of the sheet metal used 
in making the tubing, or the size to which we wanted 
0 reduce the tubing—in case that we wanted to pull 
wn. This not only smoothed out the wrinkles 

inside and outside, but produced a tube that 
Was straight in one operation. In fact, we got tubing 
ould hardly be told from seamless. This proved 
a very satisfactory operation, but the swedgers 
0 be larger than we had used previously. 


Special Applications 


came the time that we looked for an increase 
1 tubing business, and we began the manufacture 
I parts for washing machines and other house- 
tilities. We then desired to enter the bent 





Fig. 4—Machines for Welding Tubing 


to a temperature that was a correct temperature fo. 
flanging. If the tube were heated too hot, the metal! 
would break at some point other than at the weld, and 
if the temperature was too cold, the weld would break 


So it was necessary to keep a temperature betwee! 
these two points. This flange was not only throw: 
out at an angle of 45 deg. but was thinned at the edge 
at the same time. The machine made for heating the 
end of the tube was made so that the end of the tubs 
would roll over. A number of oxy-acetyle: 

tips were so placed as to give proper result 


new method proved to be a saving ove! , 
outfit which was a special oil furnace wit) 
cast iron plate, and with holes only large e1 
slip the tube in and out easily. This old met 
expensive, but was not as dependable i: 
could not get the same heating results on tubing 
placed in the various parts of the flame, as wel! as the 
tubes themselves would be hotter at some pla 
in others. 

Bending Machinery 


In developing bending machinery, we worked 
some equipment of our own which gave us a p 
tion which ran eight and ten times greater than ws 
would have been able to get with any standard 
ing machine on the market. This, however, 
that we were subjecting the tubing and weld 
greater strain in forming and bending thar 
have subjected the tubing to had we used the le 
method. Then we went still further in the 
ment of some of the tools for making so 
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larger bends in punch presses which ran this up 
still further, and still gave us further problems as 
far as metal forming was concerned, and, at the same 


time, put somewhat greater strains on the welds. 
These bending operations were very interesting in 
the fact that it is generally conceded that any form- 
ing operation which is particularly difficult should 





Fig. 5—Air Pressure Test for Welded Tube Products 


have a longer space of time so that it gives the metal 
less difficulty in forming. 

The tubing manufacture requires our greatest use 
of carbide and oxygen, which amounts to at proximate- 
ly 700,000 cu. ft. of oxygen and some 77 tons of car- 
bide per month. Our tubing production runs to some 
80,000 ft. per day. We are able to get around 9 ft., 


Oxy-Acetylene Welding in 
Local Gas Transmission 
and Distribution 


By L. A. KIRCH 


+ Abstract of paper by L. A. Kirch of the Midland United 
Company, Chicago, and presented before the Annual Con- 
vention of the International Acetylene Assn. 


miles of transmission line, while at the end of 
1930 there was approximately 1270 miles in ser- 
vice. Gas service has been made available to 52 villages, 
towns and cities, having a combined population of 
78,430. In addition, the recent success of butane-air 
gas plants assures gas service to small communities 
which cannot be economically reached by pipe lines. 
Very little, if any, steel pipe is being laid without some 
sort of protective coating. All transmission lines and 
distribution systems for small new communities are of 
steel construction. 
The above brief synopsis has been given to show the 
rapid changes which have taken place in the gas in- 


. T the end of 1924, in our territory there were 480. 





22 gage tubing, per minute up to 2 ft. per minute on 
14 gage tubing. 

The oxy-acetylene process was further used in the 
development of a semi-automatic machine in which 
we brazed the steel pump tube to a steel base in which 
we are able to get a production of some 3000 pumps 
per day, per machine. 

A still further use of the oxy-acetylene came when 
we began to manufacture the well-known Arvin Hot- 
Water Heaters. This requires some brazing, but we 
depended on oxy-acetylene torches to accomplish our 
most intricate soldering work—namely, the attaching 
of the tanks to the headers on the cores, this being a 
lap joint. The headers and the tanks fit very close to- 
gether which requires that the solder be run in be- 
tween the metal, rather than a joint made just at the 
edge of the header, with the use of a soldering iron. 

The use of such large quantities of oxygen and 
carbide makes it highly important that we look into and 
try every suggestion and scheme in the oxy-acetylene 
process which will give us still further economy. 
There is an extremely large opportunity for engineer- 
ing developments in torches and torch methods that 
may be applied to the welding of tubing. This par- 
ticular field is large. 

Developments along most lines are toward sheet 
metal products, and tubing plays a large part in the 
make-up of articles, as made today, as against what 
we were familiar with a few years past. 

While we go to great lengths in the developments 
and devising of schemes and means of making sheet 
metal working tools, dies, and such, we depend on 
the oxy-acetylene industry to develop new means and 
methods necessary to accomplish further economies 
in welding. 


dustry without the advent or impetus of natural gas. 
With the possibility of large volumes of natural gas 
being made available in the future, further develop- 
ment of interconnecting transmission lines and exten- 
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Fig. 1—Service Connection for High Pressure 


sion of local distribution facilities on a large scale 
might reasonably be expected. 


Welding Organization 


Consideration was first given to the use of oXy- 
acetylene welding in our organization in 1924, in coD- 
nection with two local feeder mains in two different 
situations. With the aid and recommendations of ser- 
vice men from a reliable manufacturer of welding ma- 
terials and equipment, men from our own organization 
were developed into welders. The single vee ty? 
weld was used, and results obtained with reference © 
initial cost of line and improved construction were ¢2 
tirely satisfactory. 
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WELDING 


IN GAS TRANSMISSION 








All transmission lines laid since 1924 have been of 
oxy-acetylene welded joints with the exception of one 
26-mile stretch of 4-inch pipe, which was of screw 
construction. (This pipe was purchased second-hand 
at a very low price. However, in the light of our pres- 
ent experience, it probably would have been more eco- 
nomical, all factors considered, to have cut off the 
couplings and welded the joints.) It has been neces- 
sary on some of the larger jobs done by our own or- 
ganization to employ outside welders. The ability of 
these men with reference to quality and quantity of 
work must be passed upon by our own welder foreman 
or inspector. In the case of those lines which have 
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Fig. 2—Assembly of Tank Drips, 24-In. 0. D. Tank—for 4 to 10-In. 
Lines 


been laid on a contract basis, no direct supervision is 
exercised over the welders. However, we have found 
that reliable and reputable contractors are ready to 
accept suggestions by our inspector as to improvement 
in quality of work. In no case have we resorted to 
cutting out test samples from field welds and testing 
them in the laboratory. The development of a small 
portable field testing apparatus, which is now on the 
market at reasonable cost, may alter our practice in 
this respect in the future. 


Testing 


All transmission lines are subjected to air pressure 
field tests. As work progresses, the line is sectional- 
ized into stretches of approximately one-half mile, and 
subjected to an air test of 85-100 Ib. per sq. in. (the 
pressure available from the common portable air com- 
pressor). Each joint is then carefully gone over with 
soapy water, in order to locate any frothy or porous 
An indicating gage is attached to the section 
under test and must not show a pressure drop after 
allowing for temperature variations at the beginning 
anc ond of the test. 

‘ddition to the sectional] tests, a final 24-hr. test 
'S applied to the entire line or to large sections of the 
line’ This test is applied after valves and drips have 
nstalled, and consists of at least a 24-hr. test 
recording pressure gage. The leakage allowed 






on this test cannot exceed 10,000 cu. ft. per year per 
mile of equivalent 3-in. pipe. 

In most cases, the welder is required to stamp his 
initial or number on the weld, and the weld inspector 
is given a small bonus for the discovery of pin-hole 
leaks. 

Laying the Pipe 


Lines are snaked in the ditch, although no special 
effort is made to dig a wide ditch. Final tie-in welds, 
such as those between sections, are made only in the 
morning when the pipe is relatively cool, or after the 
pipe has been covered with backfill. At the present 
time, sleeves are installed on each side of valve 
installations to avoid strains being placed on the flanges 
of the semi-steel valves which are being used. This 
method of installing valves is being given further con- 
sideration and study at the present time. 

Lap-weld steel pipe, conforming to the American 
Petroleum Institute specifications, has been primarily 
used. The wall thickness has been reduced below 
standard in the majority of cases for pipe 4 in. and 
larger. In all cases a protective pipe coating is used. 
A minimum of 15 in. of cover is specified. 

The following figures show the total amount of oxy 
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Fig. 3—Assembly of Steel Pot Drip 12%-In. 0. D. Pot 


acetylene welded transmission lines which have been 
installed since 1924. These figures do not include 
local feeder and distribution mains: 


Size Miles 
2 in. 10 
3 in. 32 
4 in. 163 
6 in. 14] 
8 in. 60 
10 in. 77 
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A total of three weld breaks—one 6 in., one 8 in. and 
one 10 in.—has been experienced on the above 483 
miles of pipe line. The 10-in. weld which broke was a 
factory weld used for making 40-ft. length pipe. 

Such a record as this would seem to justify our be- 
lief that over a period of time a properly welded line 
will show a very low unaccounted for gas figure and 
reduced maintenance costs. We also believe that the 
initial installation cost is equal to or less than that 
which would be experienced with other types of 
mechanically coupled joints for the pipe sizes under 
consideration. 

It has been our practice to use steel pipe for low 
pressure distribution where good soil conditions exist. 
With the experience obtained on transmission lines, 
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Fig. 4—High Pressure Welded Service Connection 


there has been a trend toward the use of the welded 
joint for low pressure distribution. At the present 
time, all local low pressure distribution mains where 
steel is used are of welded construction. A total of 
81 miles of low pressure mains, in sizes of 4-12 in., has 
been laid to date with entirely satisfactory results. 

Considerable time and study are being given to the 
leakage problem in low pressure cast iron systems in 
connection with the distribution of a dehydrated gas. 
On new cast iron main construction there seems to be 
a trend toward the use of the mechanical joint in place 
of the bell and spigot type. The development of pro- 
tective coatings for steel pipe is progressing rapidly. 
Should present differentials in price of steel pipe 
beveled for welding and cast iron pipe with a mechani- 
cal joint continue, will there not be a trend toward the 
use of welded steel mains with a protective coating for 
low pressure distribution of gas, even where good soil 
conditions do not exist? 


Service to Consumer 


The common method of serving small communities 
is by means of small steel mains operating at inter- 
mediate pressure (2-10 lb.), and individual house regu- 
lators which reduce the pressure to that required for 
appliance operation. 

Gas service was furnished to Hobart, Ind., in 1927. 
In the engineering and design of the distribution sys- 
tem, considerable study was given to initial cost and 
life of the system, maintenance costs, and unaccounted 
for gas, with special reference to main and service 
joints and service connection to the main. 


The system, as installed, consisted of 13,300 ft. of 
4-in., 7220 ft. of 3-in., and 43,200 ft. of 2-in. ox 
acetylene welded steel mains, coated with a coal tar 
base enamel. All services were welded to the main. 
Joints for the service run, in addition to the connec- 
tion to the main, were of welded construction. A\] 
services were protected with the same coating which 
was used on the mains. The entire system was sub- 
jected to a rigid air pressure test before being finally 
placed in service. 

Since this was the first system where 2-in. mains 
and services were of welded construction, special at- 
tention has been given to the metering problem. Nu- 
merous extensions have been made to the system whic! 
have been of a construction similar to the original in- 
stallation. The unaccounted for gas figure for the 
first nine months of this year shows 2.15 on a percent- 
age basis, or expressed in other terms, 17 MCF pe: 
year per mile of equivalent 3-in. main and service. 

We believe that the investment cost of a welded 
main system for new communities, consisting pri- 
marily of 2-in. pipe, is not greater than other methods 
of construction which might be followed. The slight 
added costs of welding services to 2-in. mains, in plac 
of using saddles, and the welding of joints in place of 
screw couplings for the service proper must be justified 
primarily on the basis of reduced maintenance and un- 
accounted for gas. 

Since 1927, gas service has been made available for 
the first time to one community by means of a butane- 
air gas plant, and to 34 communities by means of trans- 
mission lines. The total population thus furnished 
with service, based on 1920 census figures, is 55,812 
In all situations, the method of service has been by 
means of intermediate pressure, welded steel mains, 
and individual house regulators. No cases of joint 
failure have been reported. 

The preferred method of service installation is b) 
welding. However, we have found that most towns 
are slow in taking to the use of gas, and that it is 
doubtful economy to install services to all possible 
customers at the time the distribution mains are in- 
stalled. As an illustration, let us take a recent case 
where a town of 1800 population has just been given 
gas service. Of the total possible number of cus- 
tomers, approximately 28 per cent are using gas and 
35 per cent have signified their intention of using gas 
within a year’s period. Completely welded services, as 
shown in Fig. 4, were installed for the above 63 
per cent. Connections as shown in Fig. 1 
welded to the main for that portion of the remaining 
potential customers who would not commit themselves 
favorably to the use of gas at the present time, bul 
who in our opinion would sooner or ljater become 4s 
users. Such a procedure as just outlined assures 4 
maximum of welded construction with a minimum of 
cost. 

In the local transmission and distribution of ga 
either high or low pressures, the original cost 
joint is certainly a very important item. How 
the true cost of a joint over the expected life o 
pipe can only be determined by taking into cons 
tion maintenance costs and gas leakage. 
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Strength of Welded 
Shelf-Angle Connections 


By JAMES H. EDWARDS, H. L. WHITTEMORE, 
and A. H. STANG 


+ Mr. Edwards (deceased) was Chief Engineer of the Amer- 
ican Bridge Co.; Mr. Whittemore is Chief. Engineering 
Mechanics Section, U. S. Bureau of Standards; Mr. Stang, 
Engineer, U. S. Bureau of Standards. This report is also 
presented in the U. S. Bureau of Standards Journal of Re- 
search. 


I. INTRODUCTION 
1. PRELIMINARY 
HE increased use of welding in fabricating steel 
structures has given rise to many questions re- 
garding the strength of welded connections. In 
the past most of the tests have been made on relatively 
small specimens in which the distribution of stress is 
simple and for which there is an exact method of stress 
analysis. These have served to establish safe values of 
stress to be used in design as well as methods of super- 
vision and inspection to insure that good welds are 
produced. There still remains the need of investigat- 
ing full-sized connections subjected to the more com- 
plex conditions of stress which are present in an actual 
structure. Definite knowledge of their behavior under 
load makes it possible to design welded connections 
which are equally strong in resisting the various con- 
ditions of stress to which they may be subjected. 
2. PURPOSE 
These tests were made to determine the strength of 
welded connections of the seat-angle type for use in 
steel-frame building. In this type of connection, 
angles are welded to the outside of the flanges or to’the 
inside of the flanges of the rolled steel columns as shown 
at A and C in Fig. 1. The ends of the beams and 
virders which carry the floor are supported on these 
angles. The effect of changing the dimensions of the 
shelf angles and the location of the welds with respect 
to the angles were studied. 
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Il. SPECIMENS 
1. MAKE-UP 


st specimen consisted of a pair of angles welded 
site faces of an H-section steel column as shown 
at A or at C in Fig. 1. The columns were Car- 
eam sections 3 and 8 ft. long and 10 (CB104) 
»), 12 (CB126), or 14 (CB146) in. deep. To 
the number of columns required, two pairs of 
were welded to each column as shown in Fig. 1. 
columns were not, except in a few cases, visibly 


deformed after the tests, the size of the columns had 
little effect upon the strength of the shelf angles. As 
each of the specimens failed through the welds, the 
properties of the material in the angles did not appear 
to affect the results of these tests. 

According to the manner of attaching the shelf 
angle to the column, there were two classes of speci 
mens. For class 1, the vertical leg of the angle was 
placed in contact with the outside of the flange of 
the column (see A-A, Fig. 1) and attached with vari- 
ous combinations of welds as shown for types A, B, ©, 
D, and E (Fig. 2). For class 2, the angle was of such 
a length that it fitted snugly between the inside face 
of the column flanges as shown at C (Fig. 1), and type 
F (Fig. 2), to which it was fastened by a horizontal 
and a vertical weld at each end. The inner face of the 
angle, C (Fig. 1), was 2 in. from the center line of the 
web. The distance between the flange of the angle and 





Fig. 1—Column Having Welded Shelf-Angle Connections 


Specimen in machine ready for testing. A-A, shelf angles welded t 

outside of the flange of the H-section. Specimens A to LH, inclusive, 
were of this type. B-B, steel blocks through which the load was applied 
As floor beams do not extend over the entire horizontal leg of the angle, 
spaces were left between the blocks and the column. C, shelf angles 
welded at the ends of the angles to the inside of the flanges of the 
H-section. Only one is shown as the other angle is on the other sice 
of the column. The distance between the flange and the web ranged from 


1% to 15¢ inches. The steel blocks, B-B, were used for loading thes« 
angles. They were placed under the entire width of the horizontal leg 
of the angles. The plate shown at D was used in another investigatior 
(Patent No. 17573859, May 6, 1930, James H. Edwards, “Stee! Building, 


Frame Construction.” ) 


1 


the web of the column ranged from 1. to 1°% in., di 
pending upon the size of the column. 

The six types of welds are shown in Fig. 2 and may 
be described as follows: A, horizontal welds along the 
heels of the angles; B, horizontal welds along the heel 
and toes of the angles; C, vertical welds along the ends 
of the angles; D, welds along the heels and the ends of 
the angles; E, welds along the heels, toes, and ends 
the angles; and F, horizontal and vertical welds a 
each end of the angles, the angles fitting between and 
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being welded to the inside faces of the flanges. The 
number and position of the welds for each type are 
given in Table 1. 

2. WELDS 


The welder passed the qualification tests of the Struc- 
tural Steel Welding Committee, American Bureau of 
Welding.’ The welding rod was 3/16 in. in diameter 
(carbon 0.17 and manganese 0.52 per cent). The arc 
characteristics were d.c., average amperes 190, average 
volts 19. The average ultimate strength of all the 20 
qualifications specimens was 55,520 lb./in.* and the 
minimum 43,990 Ib./in.” The average strength of the 
12 specimens welded in the horizontal position was 
56,990 lb./in.* and in the vertical position 53,330 lb./in.’ 
The required average was 45,000 lb./in.* and the mini- 
mum was 40,000 Ib./in.’ 
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Type F 


Fig. 2—Drawing of Each of the Six Types of Specimens 


All the welds on these specimens were of the fillet 
type; that is, they were triangular welds, joining two 
surfaces approximately perpendicular to each other. 
The nominal size of the welds was 5/16 in., the size 
of a fillet weld being the designed length of its legs.* 
The actual sizes varied from \%4 in. and 7/16 in. for one 
weld on specimen F-5 to % in. and % in. for one weld 
on specimen F-7. They were reinforced so that the 
actual throat was about equal to the leg of the weld. 

The throat of a fillet weld, as defined in the Code 
for Fusion Welding and Gas Cutting in Building Con- 


Specifications for Test Specimens, section B, Qualification of 
Welders, Part I, Direct Current Metal Are Process, American 
Bureau of Welding, 33 West Thirty-ninth Street, New York, N. Y. 
? Paragraph 75, Weld Size, p. 16, Welding and Cutting Nomen- 
clature, Definitions and Symbols, American Welding Society, 33 
West Thirty-ninth Street. New York, N. Y., November, 1929. 
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struction,’ is the normal distance from the root of the 
weld to the hypotenuse of the largest isosceles right tri- 
angle that can be constructed in the cross section of 
the fillet weld. The throat of these specimens was 
computed by multiplying the width of the narrower 
side of the weld by 0.707. Measurements on many of 
the welds showed that the actual throat was equal! to 
the shorter leg of the weld. 

The lengths of the welds are the corresponding di- 
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Fig. 3—Free-Body Diagram Showing the Forces Acting on a Shelf Angle 
and the Weld of a Specimen of Type A Having a Weld at the Hee! of 
the Argle 


mensions of the angles. No deductions were made for 
craters at the ends of the welds. 


3. ANGLES 


From stock sizes of rolled steel angles, four sizes, 
having about the same width of horizontal leg, wer: 
selected to obtain a considerable difference in the 
width of the vertical leg. Angles with 4 and 6-in 
vertical legs had 4-in. horizontal legs; those with 7 and 
8-in. vertical legs had 3%-in. horizontal legs. The 
angles varied in length from 6 to 12‘ in. and in thick- 
ness from 142 to 1 in. The dimensions of the angles 
are given in Table 1. 


Ili. TEST PROCEDURE 


The specimens were tested to destruction in the 
10,000,000-lb. capacity hydraulic testing machine at 
the National Bureau of Standards. They were placed 
in the machine in an inverted position so that the out- 
standing legs of the angles rested on 6 by 6-in. steel 
bearing blocks, B-B (Fig. 1), placed on the lower 
platen of the testing machine. This platen is sup- 
ported by a spherical bearing. After the specimen 
was placed in the machine, the lower platen was ad- 
justed to bring the upper surface of the column parallel 
with the upper platen; thus, the applied load was dis- 
tributed approximately uniformly over the column. In 
all but two specimens (D-1 and D-2) the angles ex- 
tended beyond the ends of the blocks. Fig. 1 shows 4 
specimen in the machine ready for testing. 

The methods used in loading the specimens were (e- 
signed to approximate the loading of a similar connet- 
tion in actual structure. In a structure the load on the 
shelf angle is the end reaction of the floor beam. T' 
facilitate erection, clearance is provided between the 
ends of the beam and the faces of the columns. |v. ! 


* Code for Fusion Welding and Gas Cutting in Buildi: 
struction, Part A, Structural Steel, Edition 1928, American 
ing Society, 33 West Thirty-ninth Street, New York, N. Y 
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shows the method used in loading the specimens, hav- 
ing the vertical leg of the angle against the face of the 
column (types A, B, C, D, and E). The distance be- 
tween the face of the bearing block and the face of the 
column was ¥% in. so as to load the angle approximately 
as it would be loaded by a floor beam having clearance 
at the ends. This method of loading is referred to in 
this paper as “partial support.” 

For specimens of type F, having the angles welded 
at their ends to the inside faces of the column flanges, 
the supporting blocks were placed under the entire 
width of the horizontal legs of the angles, because in 
an actual structure the clearance at the ends of the 
beam would be less than the distance between the 
angle and the web of the column. This method of load- 
ing is designated “full support.” 


IV. TEST DATA 


The values of the maximum loads and the correspond- 
ing values of the maximum loads per unit length of 
weld and maximum stresses are given in Table 1. In 
this table the data for each type of specimen are ar- 
ranged according to the width of the vertical leg of the 
angles beginning with the narrowest. 

The computed maximum load per unit length of weld 
is the maximum load divided by the sum of the lengths 


TaBLe 1.—Tests of shelf-angle connections 


of all the welds. The computed maximum stress on the 
throat area is the maximum load divided by the sum of 
the throat areas of all the welds; that is, the average 
throat multiplied by the sum of the lengths of all the 
welds. 

For computing the factor of safety, it was assumed 
that the forces on the shelf angles acted in the faces of 
the columns. For types A, B, C, D, and E it was as- 
sumed that the vertical welds were under shearing 
stress and the horizontal welds at the heel of the angles 
under tension and at the toe under compressive stress. 
Similarly, for type F all the vertical welds were as- 
sumed to be under shearing stress and the horizontal 
welds under tensile stress because the angle deflected. 

The stresses recommended by the Code for Fusion 
Welding were used; that is, shear 11,300, tension 13,000 
and compression 15,000 lIb./in.’ on the section through 
the throat of the weld. Dividing the observed maxi- 
mum load for each specimen by the safe working load 
computed in this way, a factor of safety was obtained; 
these values are given in Table 1. A factor of safety 
of four is usually considered safe for statically loaded 
steel structures. 

This method of design is admittedly the roughest 
kind of an approximation. Under V-1, Discussion. 
Welds, a somewhat closer analysis of some of the types 
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of specimens is attempted. These seem to indicate that 
the computed values of the maximum stress given in 
Table 1 are higher than the actual stresses, especially 
for type A specimens. 

As the actual throats were in most cases considerably 
larger than the throat computed in accordance with the 
Fusion Welding Code, and some of the welds did not 
rupture through the throat, the actual width of the 
fracture was measured. These values are given in 
lable 1. The maximum stress on fractured area was 
obtained by dividing the maximum load by the sum of 
the fractured areas of all the welds; that is, the aver- 
age width of the fracture multiplied by the sum of the 
lengths of all the welds. 

A detailed account of the behavior of the specimens 
follows. 

Type A.—Horizontal welds along the heels of the 
angles. The angles of specimens 1 and 3 scaled. The 
specimens failed suddenly by rupture across the throat 
of the weld at the maximum load. 

Type B.—Horizontal welds along the heels and toes 
of the angles. The heel welds of specimen 4 scaled and 
those of specimens 1 and 3 cracked. The maximum 
loads were only slightly greater than those which 
caused scaling or cracking. The welds at the heel 
failed across the throat and those at the toe failed along 
the leg on the column. The horizontal legs of the 
angles bent, the thickest angles bending the least. The 
horizontal legs of the angles of specimen 1 started to 
shear at the corners of the bearing blocks. 

Type C.—Vertical welds along the ends of the angles. 
Failure occurred by rupture of the weld at the throat, 
fracture beginning at the lower or heel end of the weld. 
The outstanding legs of the angles bent, the thickest 
angles bending the least. 

Type D.—Welds along the heels and the ends of the 
angles. The angles of specimens 2, 3, 5, and 6 scaled. 
The welds along the heel cracked at the maximum load, 
after which the load decreased very rapidly. Failure 
occurred by rupture of the welds at the throat. 

Type E.—Welds along the heels, toes, and ends of the 
angles. The angles of specimens 1 and 2 and the 
column flanges of specimen 3 scaled. In general, the 
welds fractured across the throat at the heel and the 
ends of the angles and along the leg on the column at 
the toe of the angles. The outstanding legs of the 
angles of specimens 1 and 2 bent. 

Type F.—Both legs of angles welded to the inside 
faces of the flanges. The welds scaled and the angles 
bent. The vertical legs of the angles of specimens 4, 
6, 8, and 9 also scaled. Failure of the welds began at 
the toe of the angles. The column flanges of specimens 
1, 2, and 7 bulged outward. One angle of specimen 6 
sheared at the heel between the edges of the bearing 
block and the flanges of the columns. Failure occurred 
by rupture of the vertical welds at the throat and of 
the horizontal welds along the leg on the column. 


V. DISCUSSION 
1. WELDS 


The forces acting on the shelf angle for a specimen 
of type A are shown in Fig. 3. The shelf angle on each 
side of the column is shown to emphasize the fact that 
the forces are symmetrically arranged with respect to 
the column. The column and the floor beams are shown 
by dashed lines. It should be remembered that in this 
figure the members are shown inverted with respect to 
the position they would occupy in a structure because 
the specimens were tested in this position: P is the 





force applied by the floor beams, S and T are com 
nents of the stress acting across the cut section 


tween the weld and the column, C is the resultant com- 
pressive force which the column exerts on the vertica! 


leg of the angle, and F, and F, are frictional forces 
The weld will fail when the stress, of which S and T 
are the components, becomes greater than the strength 
of the weld. Both F,, and F, reduce the values which 
S and T would have if no friction were present. 

The authors are indebted to O. E. Hovey for the fol- 
lowing analysis of the stresses in the specimens of 
type A: 

As under the action of the force P exerted by thé 
bearing block, the outstanding leg of the angle would 
deflect, the action line of P is probably outside but 
close to the outer surface of the vertical leg of th: 
angle about in the position shown in Fig. 3. 

The pressure of the vertical leg of the angle against 
the flange of the column would cause bending stresses 
in this leg of the angle which increase from zero at 
the toe to a maximum at the fillet. Because of the de- 
flection of the vertical leg, the pressures would be ex- 
pected to vary approximately inversely as the cube ot 
the distance from the fillet. Opposite the fiilet the 
stress distribution is far from simple and need not be 
discussed. Below the fillet the pressure distribution 
would be expected to follow closely the compressive 
stress in a simple beam taking the centroid of the weld 
as the neutral axis. 

An approximate pressure distribution curve is show: 
ato bcde (Fig. 3). The action line of the resultant 
C is probably slightly above the upper surface of th 
outstanding leg of the angle as shown. 

Knowing, approximately, the action lines of the 
forces P and C and assuming a coefficient of friction 
(say 0.3), the values of the forces and of the stress on 
the weld may be computed. The stress computed in 
this way is about 60,000 Ib./in.’ 

The values of the maximum stress computed on thé 
throat area for specimens of type A given in Table | 
appear to be much higher than the actual stresses and 
somewhat higher than those computed on the fractured 
area. A shelf angle designed by the method described 
in IV, Test Data, would, therefore, be safe. This is in- 
dicated also by the high factors of safety given 
Table 1. 

The forces acting on a specimen of type B are shown 
in Fig. 4. The forces are similar to those acting on 
specimens of type A (therefore the notation is the 
same) with the addition of the shearing force S, on 
the toe of the angle. Due to the force Sp, the magni- 
tude of the force S, is less than in specimens of type A 

The low values of the factor of safety for specimens 
B-3 and B-4, particularly the latter, raise the questio! 
as to the safety of this type of shelf angle when de- 
signed in this way. It should be pointed out that i! 
specimen B-4 had been the only one tested, it would 
have been concluded that the factor of safety of 
type of shelf angle was only 3.08. 

A discussion of the forces acting on specime: 
type C is given later under V-2 (a), Angles, Width 
For these specimens the stress in the welds is, for th 
most part, shear. Shelf angles of this type designe: 45 
described in IV, Test Data, may be satisfactory, 4!- 
though specimen C-1 showed a low factor of safet 

For types D, E, and F the variation in the number 
and position of the welds and in the width and leng 
of the angles is too complex to warrant an an‘ ys!s 
based on the limited number of tests. 
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Shelf angles of these types designed as described in 
[V, Test Data, might be safe, although specimens D-5, 
E-1, and F-1, 4, and 5 showed factors of safety less 
than four. 

The bending of the shelf angles of type F probably 
caused high local stresses in the welds resulting in the 
low factors of safety. 


2. ANGLES 
(a) WIDTH 


There are no definite indications that the width of 
the vertical leg of the angles affected the strength of 
the specimens of types A, D, E, and F. For type B 
there is a decrease and for type C an increase in the 
maximum stress with an increase in the width of the 
angle. : 

For specimens of type B the distribution of the load 
between the heel and toe welds depends on the stiffness 
of the vertical leg of the angles. The greater the width 
of the vertical dég, the larger will be the deformation. 
As a result the heel weld carries a.larger proportion of 
the load for the lower loads. At and near the’ maxi- 
mum load, however, the load must be distributed ‘ap- 
proximately equally because the welds in all probability 
have sufficient ductility to detrude at the maximum 
load, enough to equalize the loads. Tests upon longi- 
tudinal fillet welds, similar to these, showed that the 
detrusion was about 0.1 in. before the load decreased 
appreciably from the maximum. For the angles Nay- 
ing an 8-in. vertical leg a detrusion in the heel weld of 
only 0.01 in. more than the toe weld would appear to be 
all that is necessary to equalize the loads. This de- 
trusion must occur in a direction perpendicular to the 
direction of the weld, and might not reach the value 
found for the detrusion in the direction of the weld. 

The forces acting on a shelf angle of specimens of 
type C are shown in Fig. 5. P is the external force 
applied to the angle, S is the sum of the friction and 
the shearing force on the welds, C is the resultant com- 
pressive force between the column and the toe of the 
angle and upper portion of the welds, T is the resultant 
tensile force on the lower portion of the welds. The 
angle is in equilibrium under the action of these forces 
which form two opposing couples. If the width of the 
vertical leg of the angle is, for example, doubled and 
the load P is also doubled (the average shearing stress 
in the weld remaining the same), the magnitude of the 
forces T and C will not change since their moment arm 
is doubled. As ‘a result the tensile stress in the 
lower portion of the weld will be reduced to one-half its 
former value, while the shearing stress will remain un- 
changed. The resultant stress in the lower portion of 
the weld will, therefore, be decreased as the width of 
the vertical leg of the angle increases, and a greater 
maximum load per unit length will be required to cause 
failure. This is approximately confirmed by the in- 
crease in the value of the maximum stress (type C, 
Table 1) with an increase in the width of the vertical 
leg of the angle. 


«(b) THICKNESS 


definite conclusions can be drawn regarding the 
effect of the thickness of the angles on the strength of 
onnection. In type C there is an increase in 
‘treneth with increase in width. The higher loads 
| by the wider angles may be due, in part, to 
their greater thickness. 

[f we exclude the specimens of type A for which the 
ess of the angles, obviously, had little effect upon 






the maximum stress, we find the following averag: 
maximum stresses on the throat area: Angles '» in 


thick 40,000 Ib./in.’; 5 in. thick, 54,800; 34 in. thick, 
55,000; % in. thick, 50,200; and 1 in. thick, 53,000. It 
is evident that the thickness of the angles has pra 
tically no effect upon the maximum stress, at least for 
angles thicker than '% in. 








(c) LENGTH 


Since the length of the angles ranged from 6 to 12 
in. and the load was applied only over the middle 6 in.., 
there were bending stresses in the direction of the 
length of the angle. These bending stresses might b« 
expected to lower the values of the maximum stresses 
given in Table 1 for the longer angles. 

The angles for specimens of type A were all 8 in. 
long so no conclusions can be drawn from the results 
on these specimens. Considering only specimens of 
types B, C, D, and E, the average maximum stress on 
the throat area for the angles 6 in. long is 59,000 
lb./in.*; for the angles 8 in. long, 55,000; and for ths 
angles 10 in. long, 52,900. These values tend to con 
firm the assumed effect of bending stresses, but the 
differences are small and may have been caused by 
other variables. 

For specimens of type F, the average maximun 
stress on the throat area for the 7%4-in. angles is 
53,300; for the 8144-in. angles, 43,000; for the 9%4-i1 
angles, 52,500; and for the 12%%4-in. angles, 53,500 
lb./in.* It is evident that for these specimens the 
length of the angles has very little effect upon the 
stress. As they were supported only at the ends, the 
bending stresses were probably higher than in the 
specimens of the other types. The conclusion seems 
justified that the maximum stress is practically inde 
pendent of the length of.the angle for all of these speci 
mens. 

VI. CONCLUSIONS 

Shelf angles for transferring loads from floor beams 
to columns in steel-frame buildings were arc-welded to 
H-section columns. The types of weld connections 
used were: Single weld at heel of shelf angle; welds 
at heel and toe of angle; welds at ends of angle; welds 
at heel and ends of apgle ; welds at heel, toe, and ends 
of angles; and welds at ends of angles fitted between 
the flanges of the H-section. The specimens wer 
tested to destruction with the following results: 

1. Each specimen failed through the weld. There- 
fore, the properties of the material in the column and in 
the angles had little or no effect upon the values of the 
maximum load. 

2. For the specimens having welds only at the end 
of the angles the average maximum stress in the welds 
increased as the width of the vertical leg of the angle 
was increased. 

.3. There were no definite indications that the widt! 
of the vertical leg of the angles affected the strengt} 
of the specimens. 

4. Neither the thickness nor the length of the angles 
appeared to have much effect on the strength of the 
specimens. 

5. Shelf-angle connections similar to those tested 
this investigation, with reinforced fillet welds, will 
have a factor of safety of about 4 if they are designed 
with the following assumptions: (a) The forces act in 
the face of the column; (5) vertical fillet welds a: 
stressed in shear; (c) horizontal fillet welds at the 
heel of the angle are stressed in tension; (d) horizon- 
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tal fillet welds at the toe of the angle are stressed in 
compression, and (e) the allowable stresses are those 
given in the Code for Fusion Welding and Gas Cutting 
in Building Construction prepared by the American 
Welding Society. 


Resistance Welding 
of Motor Frames 


By MALCOLM THOMSON 


+ This paper was prepared by Mr. Thomson, Engr., Fabri- 
cation Dept., General Electric Co., Lynn, Mass., and pre- 
sented at the Winter Convention, A. I. E. E.. N. Y., Jan. 
26-30, 19531. 


HE continual demands of modern industry have 
caused and are causing a continual revision of 
methods employed. Perhaps no more interesting 
application of electricity to shop manufacture occurs 
than in its use in various forms of electric welding. The 
methods in most common use are the arc methods, the 
carbon arc and the metallic arc, and the resistance 
method. The carbon arc process was invented by 
DeMeritens in France in 1881 and the metallic arc 





Fig. 1—Rolled-Plate Automotive-Motor Frame. Views Showing Successive 
Stages in Forming 


process by Slavianoff in Russia in 1890. The resistance 
welding process was invented by Dr. Elihu Thomson 
in 1886. It is this latter process which is particularly 
adapted for use where there is mass production. 

In the manufacture of motor frames, competition 
brings in the question of reduced costs. It was, there- 
fore, natural that the General Electric Company took 
steps in 1928 to equip a modern shop for fabrication ‘of 
motor frames, as well as other products which could be 
fabricated from structural steel. A section of a build- 
ing formerly used as a steel foundry was set aside for 
this purpose. The manufacture of rings for frames of 
d-c. motors is briefly outlined as follows: 

The steel for the rings is ordered from the mills in 
carload lots of the proper width and length, the length 
being figured so as to include the necessary amount for 
welding and sizing operations. The steel which has been 
found most suitable for magnet frames is a basic open 
hearth process manufacture of low carbon content. The 
slabs of steel are unloaded at one end of the de- 












partment, and are of various sizes in accordance wi 
different sizes of magnet frames. The slabs are passed 
to a 1200-ton hydraulic press which crimps or curls 
the ends to avoid flats and waste of stock at portions 
which cannot be rolled. 

A view showing the steel as purchased and crimped 
and also rings, as rolled, welded, and sized is given in 
Fig. 1. 


Fig. 2 shows a typical ring in bending rolls. Atten- 


tion is called to the vertical plate which insures accurate 





Fig. 2—Rolling Machine for Fabricating Automotive Motor Magnet Frames 


alignment of the ends of the ring during rolling process. 
The rolls have electric motor drive for raising and low- 
ering rolls, as well as motor drive for rolls. The end 
section is pivoted and controlled by an air cylinder 
which is shown in the figure. This feature is for quick 
removal of rings. 

From the rolls the rings pass by a conveyor which has 
considerable storage capacity to a specially designed 
resistance flash welder. 


Fig. 3 shows this welder in action. The rings are 





Fig. 3—Specially Designed Resistance Flash Welder in Operatior 


held with powerful clamps actuated by hy: 

cylinders against special aluminum bronze die KS 
The operator separates the ends of the rings s 
then starts slowly feeding the jaws of the mac! 
gether with a hand valve control of a hydraulic p 
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cylinder. The current is turned on by a push button 
working a small contactor which in turn controls a large 
contactor, the latter closing the connection of the pri- 
mary of the transformer to the power lines. As the 


ends of the ring meet, at first feeble then violent 





Fig. 4—Electric Hoist Removing Ring from Welder 


Fig. 5—Are Welding, Building 30, River Works 


flashing occurs. A predetermined amount is flashed 
off, averaging slightly less than an inch total. The 
flashing heats the abutting faces to the melting point of 
steel and the area immediately behind to a welding 
heat mainly by conduction, but partly by resistance. 
At the end of the flashing period, the full pressure of 
the hydraulic ram or about 100,000 Ib. is applied, 
suddenly forcing the molten faces together. The result 
is a perfect and homogeneous weld, all burnt or oxidized 
metal being forced out. This welder while rated at 
12 sy. in. maximum, cross section is used on sections 
up to 18 sq. in. The welder has a 750-kv-a. water- 
Cooled transformer. The open circuit voltage at weld- 
ing jaws is 12 volts. 

demands on welding transforniers call for differ- 


el atures of design other than those used with the 
= types. The service is intermittent but large 


‘s of current are necessary, particularly at the 
‘a: Or upset period of the welding cycle. Due to the 
nature of the service, accessibility is an impor- 
‘ant ‘eature, hence the coils are usually assembled on a 
‘raicht core section, then a “U” shaped section is 


placed in position and fastened to the straight section 
with bolts and straps. This allows for more easy repai! 
in case of trouble. On 60-cycle supply, the core 
worked at a flux density of 60,000 to 80,000 lines per 
sq. in. 

The secondary is usually of cast copper with cooling 


tubes for water cast in and of single turn typ 
In larger transformers usually several cast coppe! 
sections are connected in parallel. The ends of the 
copper secondary are machined, one end being fastened 
solidly to the fixed platen. The other end is bolted to a 
flexible lead made up of many thin sections of copper 


strip, this lead being connected to movable plate 
The welding dies are located on top of the platens and 
are of hard rolled copper or special wear resisting 


material, depending on nature of service. The work is 
very solidly clamped to the die blocks because of the 
push up pressure required. The cast copper is worked 
at a current density of 1800 to 2200 amperes per sq 
in., the flexible leads at 2000 to 2400 amperes and 
the joints at 400 to 600 amperes per sq. in. The 
dies are worked at about 3000 amperes per sq. in. cur- 
rent density. Dies and platen are wherever possible, 
water cooled internally. The two sides of the secon 
dary are kept as close together as possible and 
length of this circuit kept at a minimum to avoid any 
unnecessary secondary voltage drop. 

Primary coils of the larger type transformers ar 


tne 





Fig. 6—Hydraulic Press for Fabricated Automotive-Motoer Magnet Frames 


usually built up of copper strip insulated between layers 
by a sleeve of cloth or layer of asbestos paper. The 
coils are impregnated and baked, then wound with tape 
and finally painted. 

Voltage regulation on the primary is obtained either 
by use of a separate auto transformer or by bringing 
out taps, a regulating switch being employed. Usuall; 
there are from five to ten points of voltage regulati 
the lowest being about 50 per cent of the highest 

Contactors used to switch on the power suppl 





Pig. 7 
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be able to break full load of welder without undue 
arcing. On production work the breaking of the cur- 
rent may occur several times a minute. 

The transformers are usually designed for one par- 
ticular job; that is, a transformer designed for flash 
welding of steel would not be suitable for fast upsetting, 
and one designed for steel not suitable for welding 
copper or. aluminum. 

The transformer in the particular machine described 
was designed especially for welding of rings up to 12 
sq. in. cross section, but as previously stated, is used 
on somewhat heavier sections also. 

Readings taken while welding section of 18 sq. in. 
show that there is a primary current of about 900 
amperes taken during the flashing period with a peak 
load of 2250 amperes at the final or completion period 
of weld when the ring is forced together. The primary 
voltage is 236. Current is at 60 cycle frequency. At 


high point of weld, readings taken show 461,250 volt- 





Fig. 8 


amperes and 252,000 watts which gives a power factor 
of about 55 per cent. The average watts during flash- 
ing is 126,000; 1400 watts are taken with secondary 
open. 

Oscillograph records have been made on this welder 
which are reproduced in Figs. 7 to 11 inclusive. Fig. 7 





Fig. 9 


shows conditions at start of flash, first a brief interval 
of short circuit, then open circuit followed by begin- 
ning of contact of pieces. This represents a period of 
feeble flashing. As the flashing becomes more violent, 
conditions are as in Fig. 8. Toward the end of the 
flashing period, as shown in Fig. 9, when flashing 
appears continuous, the wave form still shows no con- 
tinuous flow of current, but rather closely compact 
intervals of shirt circuit and open circuit. This 
picture also shows the upset or final push up section of 
the weld. Figs. 10 and 11 show views of wave analysis 
at early, stages and near final stage of flashing period. 
After the welding operation is completed, the ring 
is removed by an electric hoist shown in Fig. 4. The 








upset and flash resulting from the welding operation 
show clearly in this view. This is removed, the opera- 
tion being done in a vertical motor-driven broach which 
trims outside and inside while the metal is still red hot. 
The rings then pass by a conveyor similar to that pre- 





Fig. 10 


viously shown, to an electric furnace. The electric 
furnace, while primarily used for heating rings for 
sizing, also is .advantageous in that it gives a strain 
anneal. The futinace is shown in Fig. 5. The rings on 
the floor are complete rings ready for shipment. Those 
in the front rows have feet welded on. 

The rings are heated to about 1400 deg. F., in the 
furnace and then pass down a slide to an eight-cylinder 
hydraulic press located in the floor as shown in Fig. 6 
Part of the flooring has been removed to show con- 
struction of the press. The press is so constructed that 
each cylinder has a removable head portion so that 
various sizes of rings may be accommodated. The 
rings are lowered horizontally into the press by means 
of an air-operated table and then squeezed to vary 
within 1/16 in. to 3/32 in, of correct size, depending on 
size of ring. 

The ring is now complete,with the exception of feet. 
The feet are made from steel bent into a U form in the 
hydraulic press, then gas cut apart. Each U makes 
one pair of feet and by inverting the U’s, the right and 
left are made. It is the practise to cut all four feet at 
once using a double torch machine for this purpose. 

The sized rings pass by conveyor to arc welding sta- 
tions where the feet are tack welded, then finished 
welded into place. The completed frames are then 
sand-blasted, after which they are shipped to the motor 
building for machining and assembly. 

Some of the rings are for automotive equipment and 





Fig. 11 


do not have feet. These latter rings have droppe¢ 
forged arms and bearing retainers welded in place »Y 
metallic are process. ; 

By the use of electric welding of two kinds, nas 
been possible to produce frames 25 to 50 per cet! 
cheaper than corresponding steel castings with ided 
advantage of much greater uniformity in dime: 100 
and structure. This, in turn, reflects in loweri! 
chining costs and better motors. 
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Are Spark Test for Metals 


By C. J. HOLSLAG 


+ This paper was prepared by Mr. C. J. Holslag, president of 
the Eleetric Are Cutting & Welding Co. 


E have discovered a phenomenon that I 
think will be of very much interest to your 
readers and would like their comments. ° 
We are sure we can identify every kind of weld- 
ing rod by the spark it gives off in the arc or by scratch- 
ing it along a metal surface with current through it 
so that sparks are given off. We have tried a great 
many kinds of metals and alloys, and they all seem to 
have a characteristic appearance or action which would 
allow anyone who has seen them once to identify them 
again. 


eS 


Medium Carbon High Carbon 


Fig. 1 


Low Carbon 


Carbon in a plain steel rod shows itself up unmis- 
takably by a little explosion like that at the end of 
Italian fireworks. The explosion being a star (Fig. 1) 
at the very end of the spark, that is, where the spark 
disappears. Not only does carbon show itself up, but 
the amount of carbon is indicated by the size of this 
explosion and the distance from the arc puddle. 0.9 car- 
bon the star or explosion is the size of a penny, .65 a 
dime, .8 a nickel, while .15 is small like a thumb-tack 
head. That is, the higher the arc, the bigger the ex- 
plosion, and I dare say if a person has seen this once 
Le can spot ten points of carbon by the size of the star 
and guess to with 5/100 of 1 per cent and that if a 
test rod of known carbon is used alongside as a refer- 
ence guide, he can tell within 2/100 of 1 per cent. 
This is as good as is done by an analysis, and this test 
makes itself known wherever a welding rod is used. 
All you have to do is to walk up behind an operator and 
look alongside, not through his shield, and see the 
sparks. The reason we are giving a characteristic ap- 
pearance of carbon first is because it appears in nearly 
every other alloy and you first have to learn the carbon 
explosion so as not to be fooled when looking for other 
alloys such as manganese, vanadium, molybdenum, tung- 
Sten, ete. This appearance of carbon is only in steel 
allovs, where it is present in chemical combination with 
the steel. Where it is a mixture like in cast iron, the 
spurk is not very bright—a dull red and no explosion 
at ‘he end of. it. However, there are so many other 
wa 3 of telling a cast iron rod, we just mention this to 
show that, perhaps, at about 1% per cent of carbon 
th characteristic appearance undergoes a distinct 
ch oge. If there is no spark present, with or without 
sion, the iron is less than five hundredths carbon, 
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that is, so-called pure iron or low carbon Swedish iron 
or commercially pure iron. 

Manganese has its own appearance as indicated by 
Fig. 2: 





7 
~ 
~? 
rr " 
eo? - 
~ 
Manganese Manganese with Carbon 
Fig. 2 


With a bare wire or wire cleaned of its covering, 
carbon also shows itself by the presence of floating 
particles in the air similar to lazy mosquito larvae in 
water, the size of the floating particles indicating the 
amount of carbon. Manganese alloy with various 
amounts of carbon will have the manganese appearance, 
coupled with the carbon explosions. If it’s a lot of 
manganese, such as .11-.13% mn., the carbon explosions 
will be overshadowed by the manganese dots, but 
if it’s the ordinary manganese in the welding rods, 
such as .04 to .06% mn., the manganese will have to be 
looked for carefully in order that the carbon explosions 
may not overshadow them. 

Of course, in the arc test you must take in con- 
sideration the characteristics of the parent metal and 
for careful work use only pure iron; but for a rough 
test, the parent metal sparks come from the puddle 
failing after the arc is over; hence, judicious guessing 
will tell contents of both metals. 

Molybdenum alloys have a beautiful characteristi: 
spark as shown in Fig. 3: 


y * . 


Molybdenum with Cart 





Molybdenum 


Fig. 3 


Molybdenum does not interfere with any other de 
termination, as its characteristics are so marked lik 
spears or darts. 


Tungsten, another tool steel alloy, is clearly indi 
cated by the intense white balls of fire given off, as 
per Fig. 4: 


Vanadium acts similarly, but the balls exploding 
into stars, but different from carbon (Fig. 5): 

Nickel is evidenced by its absence of whiteness and 
its red balls of fire sort of rolling along (Fig. 6 

Chromium, in addition to the characteristics show: 
in Fig. 7, has a characteristic green-white color, and 
copper and brass a greenish colored spark. The pres 
ence and amount of zinc in brass or bronze can be 
judged by the white fluff given off, which is zinc oxide 

Cobalt has a bluish colored fountain (Fig. 8): 

Copper has a greenish color, so that once seen will 
not be confused with chromium (Fig. 9): 

Aluminum, duralumin and similar metals give a rell- 
ing. ball spark much whiter than nickel, but we have 
discerned no way to definitely tell the difference be 
tween these light metals. 

Nickel and chromium are a pair found together in 
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these new stainless steels, and whether there is more 
chromium than the nickel or vice versa can be judged 
by the volume of the two characteristics. 

From what we have tried and seen, I think every 


Fig. 4 
Tungsten 


Fig. 5 
Vanadium 







Fig. 6 
Nickel 


oN 
/ 


alloy has its own characteristic appearance. The run- 
ning through the are or scratching with current on of 
every rod writes its name and own instantaneous pic- 
ture of the analysis. 

The coating content on a rod can be told also by the 
arc. For instance, silicates quiet the arc; calcium and 
its brothers and sisters, barium, strontium, etc., lower 
the temperature at which an arc will hold, and carbon 


_—— 


Welded Truck 


By W. E. FARRELL, 


Present Easton Car & Construction CoMPANY 


HERE are shown two photographs of an are welded 

platform car for shipment to South America. 
This truck is designed to carry a pay load of 16 tons 
with provision to withstand a 25 per cent additional 
impact load. 

The body of the truck was originally designed as a 
steel casting. The car was redesigned so that the 
platform was made of plates arc welded together. 
This redesign resulted in a considerable reduction in 





Fig. 1—Top View of Car 


or any metal in the coating will show its signature as 
described, so that by trying the rod with and without 
coating both contents can be determined. 

Try the ones I have outlined and try some new ones 





Fig. 7 
Chromium—Color, White 
.) Fig. 8 
Cobalt—Color, Blue 
Fig. 9 
Copper—Color, Green 





and write me about them. I would like to know if you 
can check my observation and whether you can add the 
characteristics of any other rods. 

This is admittedly a preparatory article to start 
thought along these lines and would make a fine thesis 
for several students or metal research workers. 





Fig. 2—Bottom View of Car 


the weight of the car and a material saving in cost. 

An interesting feature in connection with the car 
is the location of four holes in the top of the car to 
meet the customer’s requirements of a tolerance of plus 
or minus one-hundredth of an inch from center to cen- 
ter. As is quite apparent, considerable amount of ma- 
chine work was saved as compared with that which 
would have been required for a steel casting for the top. 

The plates having these holes were properly located, 
tacked and after being checked bs the inspector the 
welding was completed. Although this was the first job 
and some extra expense involved in checking the 
design, the total cost was less than the design which 
involved a steel casting. 
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Are Welding Used on 
the Steel Work of the 
New Wilson Factory 


By J. A. QUARMBY 


+ Mr. Quarmby is connected with the Wilson Welder & 
Metals Co. 


HEN the need of larger facilities made it 

W srccessary for the Wilson Welder & Metals 

Co., Inc., to build a new plant, they not only 

took the opportunity of building a scientifically laid- 

out factory, from the standpoint of production, but 

they also took the opportunity of erecting, for them- 

selves, a structural steel job in which are welding 
was used exclusively. 

The factory building is of steel and brick con- 





Fig. 1—Beams in Process of Fabrication 


struction. All welding was done in accordance with 
American Welding Society specifications. 
The columns and beams were fabricated by arc- 








Fig. 2—Erection of Frame Work 


welding in the structural steel shop and transported 
to the factory site, where the cross-beams were 
are welded to the uprights. The picture, Fig. 1, 
taken in the structural steel shop, shows some of the 
beams being fabricated. In the foreground is a load 
of lintels for the door openings. 

A view of the steel work in process of erection is 





shown in Fig. 2. The operator can be seen welding 
the I beam to the upright just back of the ladder. 

Arc welding effected a considerable saving in the 
tonnage of structural steel used and in the cost of 
both fabricating and erecting, and resulted in much 
stronger and neater joints. The following data is of 
interest: 


Tons of structural steel....... , oa 74 
Inches of %-in. filet shop welding....... f care 4,180 
Inches of %-in. fillet field welding.... 1,030 
Total pounds welding wire........... Pere 165 
Pounds welding wire per ton steel. ; 2.23 
Feet of fillet welds per ton steel... ; 5.86 
Per cent steel saved by welding....... 10 


In addition to the structural work, the boiler, tanks, 
tracks and supporting hangers for the portable crane 
monorails were arc-welded. This saved considerable 
in the weight of steel used and the cost of installation. 
All work benches, bins and racks were also arc- 
welded. 


Oxy-Acetylene 
Welding Aids in 


Motorcycle Production 
By V. H. VAN DIVER 


+> Mr. VY. H. Van Diver is connected with the Linde Air 
Products Co. 


YHE weight-saving resulting from the use of weld 

ing is an important factor in the use of this pro- 
duction tool by motorcycle manufacturers. The object 
of production here is to make a powerful and sturdy 
machine as light as possible, and this object is attained 
by welding which eliminates the bulky and heavy fit 
tings and joints of other methods. 

In one department of a modern motorcycle plant the 
welding blowpipe is used to fabricate steel handle-bars. 
In motorcycle work these are highly important parts 
since the handle-bar is not only the steering gear but in 
addition carries several controls. Because the handle- 
bars contain the throttle and spark controls, they must 
be not alone sturdily but precisely built as well. 
Handle-bars are formed from rolled sheet steel, oxy- 
acetylene welded as a unit, and finished. 





Fig. 1—Finished Side Cars 


Another plant uses both the weldinz and cutting 
blowpipes in the production of stee] motorcycle side car 
bodies. These are cut from heavy gage sheet steel 
and then welded. In Fig. 1 is shown a group of fin- 
ished cars. Because they are welded they are stronger 
and of better appearance. 
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Siruiehunal Arce Welding 


a Review of What Has 
Been Accomplished 


and Its Future 
By A. F. DAVIS 


+ This paper was prepared by A. F. Davis, vice-president of 
the Lincoln Electric Company and was presented at the 
Western Metal Congress, Feb. 16-20, 1931, San Francisco, 
Calif. 


YEAR or so ago the Board of Directors of the 
Irving Trust Company of New York sent out 
engraved notes of apology to some five hundred 

ot their neighbors, asking their indulgence “during 
the unavoidably noisy weeks that lie just ahead” while 
the steel frame of their new building was being 
erected. Some time after this, the Union Trust Com- 





i—Are Welding an Addition to the Twentieth Floor of The 
Union Trust Company Building 


Pig. 


pany of Cleveland added part of another floor to their 
twenty odd story building, but they sent no apologies 
for noise—they welded. 

When Structural Arc Welding is mentioned one auto- 
matically thinks of buildings which are erected in the 
field, either wholly or in part, by arc welding. How- 
ever, it seems to the writer that there are two distinct 
phases of the subject, namely: 


1. Field erection or construction. 


2. Shop welding of structural members and details such as 


trusses, details, etc., which may be used in buildings 
erected or constructed in other ways than by welding. 


Each has its distinct problems and it is our inten- 
tion to more or less treat the subject in this way. 

In order to get a picture cf the present status of 
structural arc welding it seems desirable to give a brief 
history of what has transpired in its application to the 
erection of buildings, then to point out a few of the 





Fig. 2—Are Welded Bridge in Toronto, Ontario, Canada 


P The steel frame work carries the entire load, the concrete being 
used largely for protection. This picture taken during construc- 
tion and shows the false» work 


questions and what is being and has been done to solve 
them. 

So far a8 the writer knows, the first structure in 
this country in which arc welding was used in an im- 
portant part was the old plant of thé Lincoln Electric 
Company in 1916. 

A four-story concrete block building had its floors 





Fig. 3—Peoples Outfitting Building, Detroit, Mich. 


In an addition to this building (new part on right side) 

105 new girders welded to the existing structure without di 

turbing the usual routine of the Department Store housed in the 
building. Albert Kahn, Inc., Architect 


there were 
‘ is- 


seriously overloaded and the blocks began to crumble. 
A complete welded steel structure was built into the 
existing structure without disturbance to the factory 
operations. 

In the Province of Ontario, a highway bridge of 
three spans, 672 ft. over-all, carrying the heavy traffic 
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inte the city of Toronto, was constructed in 1923 of 
arc welded steel and concrete. The design of the 
bridge was unique. All of the steel work was made 
up of round bars. The steel carried the entire load, 
the concrete serving solely as a protection for the steel. 
Refore this bridge was built the design was severely 
criticized by engineers not familiar with the possibili- 
ties of arc welding. However, the designer knew what 





Pig. 4—Peerless Auto Sales Company Building of Canton, 0 
Erected in 1925 by The Morgan Engineering Company, | tg 
Ohio. Fabricated and Erected by Are Welding 


could be accomplished. The bridge was built and it 
met all required tests, and it was built at a cost far 
below that of riveted construction. 

About this same time there was constructed by the 
Graver Corporation an are welded swimming pool in 
the Standards Club of Chicago and also a poo! in the 
Union League Club of Chicago. 

It was only shortly after this that in Detroit the 
steel framework of a 12-story addition to the Peoples 
Outfitting Company building was arc welded, where 
the floor girders were framed into the columns, at a 

msiderable saving of both money and inconvenience. 

In the early part of 1925 the writer was approached 
by the late Mr. Richard Storm of the Morgan Enginegr- 
ing Company of Alliance, Ohio, as to the advisability 
f completely welding the Peerless Auto Sales Com- 
pany Building of Canton, Ohio. 





Pig. 5—Are Welded Main Girder of Runway for 100 Foot Span 
Overhead Traveling Crane 


This girder consists of a web plate, two angles on the bottom 

flange and two angles and a cover plate on the top flange and the 

necessary stiffners. Girder was approximately 40 feet long and 3% 
feet in height 


Although originally designed as a riveted job, the 
ntract awarded on a competitive basis and the shop 
tails made for riveted construction, it was decided 
weld the job throughout. 

In changing from riveted to welded connections on 
is job, it was not with the expectation of cutting 
sts, but with the belief that a more satisfactory 
ucture would result. The change resulted in a clean- 
* job, completed on schedule time, at a saving in both 
ve and money. 


This building was 100 ft. by 150 ft., and consists of 


stories and basement with an auto ramp, and was 


—so far as known—the first commer 
building. 

At approximately the same time the 
constructed a large crane runway in wi 
16 A frames and 14 large built-up girders 















































cated by welding. A great deal of credit is due M 
Storm for his foresight and ability e g 
welding. 

In November of 1926 there was erected by the West 
inghouse Electric & Manufacturing Compar ’ 
Sharon, Pa., the then largest all-welded stee!] fram« 
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Pig. 6—Methed of Stepping Columns Used in Design of Upper 
Carnegie Building, Cleveland. bic 


Note that the size of the columns is decrease: 

ing in saving Note also girders are 

tire iength of building and welded in the middle 
resulted im a considerable saving in mat< 
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Fic. T—Upper Carnesic Bailding Under Construction. This Ale 
Shews the Threagh Girders and Stepped Colemns 


building. This was a five-story « 
ized 790 tons of steel 
Shortly after this a numbe: gs 
erected by this process, on t) 
of which was the Upper Carneric 


the Austin Company in Cleveland 

story building, 60 ft. by 119 ft.. wh 

embodied several unique features 

the use of continuous beams which w 

middle of the building and the us : : 


at each floor. 


Since this time there have in a . : 
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number of buildings fabricated by welding. Among 
them are: 
The Factory Building at West Philadelphia. Works 


of the General Electric Company, consisting of approxi- 
mately 1000 tons of steel. 
The Homestead Hotel Building at Hot Springs, Va., 





Fig. 8—The Welded Connection of the 36 In. Bethlehem Girder Used 
in the Front of the Upper Carnegie Building Supporting the 
Upper Part of the Building Above the Store Front 


This joint was welded in the middle of the bay by scarfing and 
welding the two ends of the girder and by placing a topping plate 
on top of the girder, which was welded entirely around the plate 
onto the top of the girder and also by placing a strap on the 
inside of the bottom flange on each side of the girder 


fabricated and erected by the American Bridge Com- 
pany. 

The power plant adjoining the Chalfont and Hadden 
hotels at Atlantic City, N. J., fabricated and erected 
by the Bethlehem Steel Company. 

The 14-story, 1400-ton office building of the Edison 
Electric Illuminating Company of Boston, Mass. 





Fig. 9—Ninteen Story Building of Dallas Light and Power Com- 


pany, Dallas, Tex., During Erection of Steel Work by Mosher 


Steel Company 


The 3000-ton shop, riveted, field welded building of 
the Southern California Edison Company at Los An- 
geles, Cal. 

The 19-story building of the Dallas Light and Power 
Company at Dallas, Tex., erected by the Mosher Steel 
Company. 

The Dallas Gas building, Dallas, Tex., designed for 


22 stories, of which 14 stories are being erected at 
present. 

Recent statistics collected by the American Welding 
Society show that welding has taken a prominent part 
in over one hundred buildings or structures, with an 
estimated tonnage of over 100,000. Doubtless there 
are many more, and now almost daily we hear of new 
welded projects. Municipal Building Codes have been 
one of the factors that has retarded the more rapid 
progress of structural welding, but this bar is being 
gradually removed. More and more cities are adopt- 
ing, either wholly or in part, the welding code sug- 
gested by the American Welding Society. Today the 
known number of cities that have changed their code 
is probably at least one hundred, and it should be 
gratifying to Californians to know the large percentage 





Fig. 10—Are Welded Frame Work of Dallas Gas Building, Designed 
fer 22 Stories of Which 14 Stories Have Been Constructed. Austin 
Brothers, Fabricators and Erectors 


of those cities located in California. Copies of the 
recommended code can be secured from the American 
Welding Society. 

The reliability of welding is often questioned, par- 
ticularly by those who are not familiar with the 
process. However, it is interesting to note that out of 
the large number of welded buildings, so far as it is 
known, there has not been a single failure, and this in 
spite of some very severe tests. As an example we 
would like to cite several cases which have come to the 
writer’s attention. There have been in recent years 
quite a number of packing houses erected in Florida 
of steel arch construction by the Arch Construction 
Company of Orlando, Fla., the arches being constructed 
entirely by arc welding. The framework of one of 
these buildings was almost entirely finished and a good 
share of the masonry when a hurricane came along and 
approached the building from the rear, blowing in the 
rear wall—going through the entire length of tie 
structure and blowing cut the front wall. The bar 
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joists had been welded in place on the supporting 
beams by short fillet welds along the edges of bearing 
plates at the ends of the joist, and even though the 
entire wall fell on these bar joists, causing them to 
bend almost to the floor slab, the welds held the joists 
to the beams, causing even the beams and the support- 
ing columns to become badly distorted. In order to 
clear the wreckage it was necessary to cut the bar 
joist from the beams by gas, the welds still being in 
practically perfect condition. 

Recently a cyclone struck the Houston (Tex.) air- 





Fig. 11—Steel Arch Type of Arc Welded Building Destroyed by 
Hurricane With Not a Weld Parting 


This view shows the distortion of the beams and joist after some of 
the joist had been cut from the beams by gas 


port, causing a damage of approximately $50,000 to 
planes and a masonry hangar, but passing over three 
are welded steel hangars alongside, without even caus- 
ing a dollar’s damage. 

There are numerous other examples which show that 
welded structures which, when done with proper pro- 
cedure and inspection, are perfectly reliable. 

Another question frequently heard is as to the uni- 
formity of welds. We think it safe to say that with 
proper procedure and inspection a uniformity equal to 
that of any other mechanical type of joint will be se- 
cured. A year or so ago the American Welding So- 
ciety started a program of testing a large number of 
welded specimens in order to 
1. Confirm or qualify previous results by the use of a large: 
number of specimens and a more uniform system of test 
ing. 

Supplement the scope of previous data by tests on addi- 

tional forms of joint. 

3. Determine what degree of uniformity in commercia 
welding may be expected. 


tw 


The program covered 57 forms of joint in 191 sizes 
welded by the gas or the arc process. The specimens 
were of elemental type and embraced fillet welds of 
lap and tee form, end and edge butt welds, and special 
joints. Single and double lines of weld, normal, 
parallel and diagonal to direction of stress, continuous 
and intermittent, were specified. 

Specimens were to be subjected to static tests for 
ultimate strength, yield point and ductility. These 
might be supplemented by dynamic and other special 
tests. The general aim was to proportion specimens 
so that they would fail in the joint and thus indicate 
unit weld strength, but for check purposes a few types 
were included that would probably fail in the base 
metal. 

In order to determine what degree of uniformity 
might be expected in commercial practice, multiple 
specimens of each type and size were scheduled, whose 
preparation was distributed among about thirty-six 
representative fabricating shops throughout the United 
States and Canada. Operations were governed by 
uniform procedure and inspection regulations. 

Quite a number of tests have been completed and 
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Fig. 12—Riveted Beam Seat for Load of 45,000 Pounds 


Fig. 13—Welded Beam Seat Equivalent of Fig. 12 
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those indicate a uniformity very closely checking the 
writer’s previous statement in this respect. 

We have previously mentioned proper procedure and 
inspection. By “Proper Procedure” we mean proper 
size, length and sequence of beads, proper electrodes, 
proper currents for the work, proper equipment and, 
lastly, proper preliminary tests of each operator to de- 
termine his fitness and ability to properly weld, and 





Fig. 13A—Addition to Factory of The Lincoln Electric Company, 
Cleveland, Ohio, in Which Bolted Temporary Connections Were 


Used Till Building Could Be Squared, Plumbed and Then 


Per- 
manently Arc Welded 


regular tests of the operator during the progress of 
the work. 

Such tests have already been standardized by the 
American Welding Society for preparation of the weld- 
ing specimens previously mentioned. 

We have referred also to proper inspection and a 
word in regard to this might be in order. Consider- 
able progress has been made in devising methods for 
testing welds which are non-destructive, but so far as 
the writer knows none of these have yet been brought 
to the point where it might be said they are practical 
for the field. So visual inspection remains the most 
practical and is the one most used for field work. To 
the uninitiated, all welds may look alike, but to one 
experienced in arc welding the appearance of the fin- 
ished bead will indicate to a remarkable degree the de- 
pendability and strength of the weld. 
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COLUMN SPLICE 
Fig. 14—Column Splice 


This sketch shows a column splice between same size or different 

size columns. In this case field bolting lugs would be welded to 

top column at mill. A cap plate having holes to line up with bolt- 

ing lugs would be welded to bottom column at mill. Field con- 

nection would he bolted. Field welding would be horizontal be- 
tween flanges of top column and cap plate 


No doubt the completion of the testing program of 
the Welding Society will develop some very interesting 
data as to reliability, dependability and workiny 
strengths of welds. However, from a large number of 
welds which our company and others have made, the 
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BEAN) FO COLUMN CONNECTION 
Fig. 15—Beam to Column Connection 


This sketch shows a beam to column connection where the beam 

is narrower than the column. Here a flat plate would be welded 

to the bottom flange of beam and an angle would be welded to 

column, each provided with holes for field bolts. Above welding 

to be done at mill. Field connection would be bolted. Field welding 

would be horizontal across beam flanges and vertical along web 
if required 





following working values for shear and tension have 
been found to be safe, practical and conservative: 


3/16” Full Fillet Weld........ 1,500 pounds per lineal inch 
1/4” Full Fillet Weld........ 2,000 pounds per lineal inch 
5/16” Full Fillet Weld........ 2,500 pounds per ineal inch 
3/8” Full Fillet Weld........3,000 pounds per lineal inch 
1/2” Full Fillet Weld........3,500 pounds per lineal inch 


For welds in compression values 20 per cent above 
those given in the table may be used. 

These values are based on the use of a good grade 
bare or lightly coated electrode. 

The question, however, which is probably heard most 
is: Why weld structures at all? The answers, as the 
writer sees it, are two: 

1. Elimination of noise. 

2. Possible economies. 


Of course, there are many, many cases where t 
elimination of the noise of the riveting gun is m 
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desirable at any cost, and recently public notice has 
been largely focused on this phase, or advantage, of 
structural welding; but it is the writer’s belief that 
in the long run the widespread use of arc welding in 
structural work is going to depend on whether or not 
savings in dollars and cents can be made over the 
present methods used and it is a remarkable fact that 
so far there have been no savings, or at least very little, 
where structures have been entirely or largely fabri- 
cated and erected by welding. 

However, that there is a saving in the amount of 
steel necessary is unquestionable. Due to the possible 
use of continuous beams, the stopping of columns at 
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Fig. 16—Beam to Column Connection 


This sketch shows a beam to column connection, the beam being 
wider than column and framing into web of column. In this 
the beam flange would be coped to clear column flanges. 


case 
Field bolting lugs would be welded to beam and column as shown. 


Field connection would be bolted. Field welding would be hori- 
zontal across beam flanges and vertical along web if required 


each floor, the elimination and reduction in number of 
angles, plates, etc., for connections, it is estimated on 
good authority a saving of steel of 15 to 20 per cent 
is possible. 

As an example of the latter saving, comparative de- 
Signs of a riveted seat and a welded seat is shown. 

Fig. 12 shows a familiar riveted connection—a beam 
‘at designed for a load of 45,000 Ib. It consists of a 
6 n. by 4-in. by 3-in. seat angle, a %4-in. fillet, a 3-in. 
b: 3-in. by 3¢-in. stiffener angle, 12 in. long, and 8%4-in. 
r ets. While Fig. 13 shows the corresponding arc- 
ded connection. It consists of a piece of 6'-in. 
b: 6Y%-in. T, 3 in. long, and 18 in. of %-in. fillet weld. 

‘imilar examples are numerous. 





These savings in steel have been largely wiped out in 
welded structures through difficulties in erection and 
other problems, such as too much welding due to ex- 
treme conservatism or caution of the designer, too 
much overhead or inaccessible welding, which is much 
slower than horizontal welding. 
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T BEAM SECTION 
FLAME-CUT ON 
DOTTED LINES. 


Fig. 17—Prevailing Style of Windbracing, Known as the T-Type 


RESULTING T's. 


Difficulties or increased cost in erection came from 
the trouble in— 


1. Holding or clamping members in place till they can be 
welded. 


2. Plumbing or squaring the building, etc. 


These difficulties can, of course, be overcome by 
using a few holes in the various members to permit 
bolting in place until the building can be plumbed and 
squared and welded permanently. This scheme has 
been used in a number of cases and costs obtained 
which compare favorably with riveting. One such 
case was an addition 60 ft. by 200 ft. to the factory 
building of our company. This scheme has numerous 
advantages and some disadvantages. It permits the 
work to proceed as in riveted construction, with which 
every erector or fabricator is familiar. Naturally, any 
work with which one is familiar proceeds more rapidly 
than work with which one is unfamiliar. Its disad- 
vantages lie in the fact that when used necessarily the 
members must be put through the fabricating shop, 
entailing an additional operation, and it is almost as 
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Fig. 18—Method of Riveting T-Type Wind Brace 


cheap to punch several holes for riveting as it is one 
for such bolting. 

It is therefore self-evident that considerable economy 
would arise if the advantage of bolting over clamping 
could be utilized, provided the structural members 
would not have to go through the fabricating shop, but 
go direct from mill to job. 

Such a procedure was indicated as being possible in 
a paper presented to the American Welding Society 
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some time ago by Mr. J. F. Lincoln. In substance, the 
plan is to utilize angles, lugs, etc., which have been 
punched and prepared in the fabricating shop and 
welded to the structural members on the job. To illus- 
trate, several examples are given from this paper. 
Figs. 14 to 22 are presented merely as suggestions 
rather than as typical details. 

It is reasonable to expect that as time goes on and 
more and more buildings are erected by this process 
and experience gained that erection costs will come 
down so that the savings in steel will represent real 
savings in dollars. 

However, we do wish to point out that today many 
economies are possible through welding and which do 
not interfere with erection by the usual methods. One 
of those is in wind bracing, and we wish to give our 
example taken from a series of Studies in Structural 
Welding, published by our company. 

The prevailing style of riveted wind-bracing connec- 
tion is the T-type. It consists of large T’s formed 
from I-beam sections split in two lengthwise, as shown 
in Fig. 17. 
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Fig. 19—Method of riveting T-Type Wind Brace 
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Bottom VIEW. 
SECTION X-X. 


Fig. 20—Are Welded Knee-Brace Which Can Many Times Advanta- 
geously Replace Riveted T-Type 



































These large T’s are riveted at the shop to the 
columns by a suitable number of rivets and field- 
riveted to the beam flanges, as shown in Figs. 18 and 19. 

It is often possible to replace advantageously the 
riveted T-type wind brace by the arc-welded knee- 
brace type shown in Fig. 20. 

The knee braces are placed only at the intersection 
of the spandrel beams and wall columns, the floors be- 
ing usually well able to transfer the lateral strains to 
the wall bracing systems. To illustrate the point, con- 
sider the floor plan, Fig. 21, of a recently built 40- 
story structure. 

The position of the riveted T-braces, detailed in Fig. 
17, are indicated by the crosses shown on the floor plan. 
Check marks indicate the position of the exterior 
T-braces. The exterior braces, Fig. 19, need only have 
one-half the strength required of the interior braces. 
There are in all 120 T-braces per floor. 

Fig. 22 shows the same floor plan, the arrows indi- 
cating the position of the corresponding arc-welded 
knee-braces. There are 40 knee-braces per floor. For 
the case shown in Figs. 21 and 22, each knee-brace 
must have, and has, two and a half times the strength 
of each interior T-type connection and five times the 
strength of each exterior T-connection. 

It is to be observed that the use of the arc-welded 
knee-brace does not in any way change the usual erec- 
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Fig. 21—Floor Plan Eecent 40-Story Building 


Crosses show position of interior T-type riveted wind brace, check 
marks show position of exterior T-type riveted wind braces. 
(Figures 18 and 19) 


tion procedure. The steel is raised, set, bolted up 
temporarily and plumbed in the ordinary fashion and 
then riveted together by means of the beam connection 
angles. Only when this has been done are the knee- 
braces placed and welded in position. 

Evidently such a procedure is bound to speed up the 
job, not to delay it, since the riveters have less rivets 
to drive to obtain a well squared and plumb structure. 
The welder operators follow the riveters without inter- 
fering with them, and without getting in the way of 
the masons back of them. 

For purposes of comparison, Fig. 23 shows a riveted 
knee-brace connection corresponding to the arc-weld 4 
connection shown in Fig. 20 and of exactly the sae 
strength. 
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Shop rivets cost about 4c. each; field rivets 22c. braces, including the riveted standard connection 
each and the large T’s and fabricated connections 6c. angles, is only $826 or one-third to one-fourth less than 
per lb., and welding, in the positions indicated, aver- the cost of the riveted types of wind-bracing. In all 
ages about $1.25 per lin. ft. On this basis, the cost cases the cost of the standard or other load carrying 
of the 120 riveted T-brace connections per floor is 

$1,334; that of the corresponding 40 riveted knee- ap 

braces $1,164. The cost of the 40 arc-welded knee- 21 35x30, 
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Fig. 24—Riveted Girder Designed for 40 Ft. Span, Concentrated Load of 146,000 Lbs. 
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connection is figured in the total. On tall structures 
the saving effected by use of arc-welded wind-bracing 
represents an amount that cannot be ignored. 

This brings us to a point previously mentioned— 
that in fabricating shop there are real economies pos- 
sible, unhindered by external influences. It is, how- 
ever, unfortunate that today many fabricating shops 
assess the same overhead to welded job as they do to 
riveted jobs, which is manifestly unfair since welding 
does not require anywhere near the same equipment, 
floor space, etc. If these shops would assess true over- 
head it is our opinion that welded work would show 
even greater economies than they do. 


48-in. plate; the gross shear is not increased since the 
continuous welding of flanges to web make the effective 
web height the full height of the girder, as in a rolled 
beam. 

The reduction in flange weight is due to there being 
no holes to be deducted from the gross section and also 
to the moment arm being a little longer in the welded 
than in the riveted girder. 

The saving of weight in the details is due to the 
elimination of fillers, to the substitution of lighter stif- 
feners and to the advantage in weight of the weld 
metal over the rivets. 

In the are-welded girder there are one-half as many 
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Fig. 25—Welder Girder Equivalent to Fig. 24 


As an example of the economy possible in shop work 
we wish to show comparative designs of a riveted and 
welded plate girder. Let us take a girder of the fol- 
lowing assumed requirements: 


Girder span—40 feet. 

Load (including allowance for girder weight) 146,000 
lbs., concentrated at a center of span. Design of flanges to 
be made by the standard “Flange Area Method,” allowing 
for web’s resistance. 

Spacing of stiffeners not to exceed depth of girder. 

Bending moment to be resisted, 1,460,000 feet-lbs. 

Shear to be resisted, 73,000 Ibs. 

Flange stresses not to exceed 18,000 lbs., 


per square inch 
on net section. 


Though both girders are of exactly the same size 
and strength, the arc-welded girder weighs 2329 Ib. 
less than the riveted girder, a saving in weight of 
steel of 22 per cent. The riveted girder requires 890 
lb. more steel in the main members, the web and the 
flanges, and 1439 Ib. more steel in the details, the 
stiffeners, fillers and rivets than the arc-welded girder. 
The saving of steel in the web of the arc-welded girder 
is made possible by use of a 46-in. plate instead of a 















pieces to handle in fabricating as are required for the 
riveted girder. Thus are welding also effects a ma- 
terial saving in labor. 

The Austin Company, with headquarters at Cleve- 
land, has just fabricated by welding 136 flat type 
trusses 75 ft. long and 9 ft. deep in the center, also 63 
parallel chord carrying trusses 40 ft. long and 8 ft. 
deep. These welded trusses are for the new factory 
building of the Simonds Saw & Steel Company of 
Fitchburg, Mass. 

Their new plant, which is being both designed and 
constructed by the Austin Company, is the first indus- 
trial plant designed without windows and is also the 
first “CONTROLLED CONDITIONS” plant in in- 
dustry. 

Mr. Harry E. Stitt, chief engineer of the Austin 
Company, commented on these welded trusses as fol- 
lows: 

“They are stronger, stiffer and better trusses, also 15 to 
20 per cent lighter than similar trusses of riveted construc- 
tion would have been. They were constructed at a cost com- 
parable to equivalent riveted type trusses.” 


There are literally thousands of other examples, ‘4! 
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too many to attempt to enumerate in this paper. It is 
safe to say that this phase of structural welding will 
increase perhaps more rapidly than field work, but it is 
also safe to say that both phases of this work will pro- 
ceed rapidly as the knowledge of welding spreads and 
as refinements of welding itself appear, and refine- 
ments and improvements of the process are appearing. 
One of the latter-day developments is the economical 
and practical application of the shielded arc. The de- 
sirable results of welding with the shielded arc have 
been known for years, but it is only comparatively re- 
cent that developments have made it practical and eco- 
nomical. 

Our company has developed two such methods, one 
of which is especially adapted to structural work. This 
is known as the “Fleetweld” process. 

Tensile strength of butt welds by this process on 
steel up to .30 carbon is in general greater than the 
parent metal. The ductility of the weld metal also is 
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Fig. 26—Part of Shipment of 136 Trusses 70 Ft. Long and 63 

Trusses 40 Ft. Long, from The Austin Company, Cleveland, Ohio, 

for New Buiding of sane i & Steel Company, Fitchburg, 
ass. 


extremely good, since the weld may be flanged or forged 
either hot or cold without any sign of fracture. The 
percentage of elongation on test pieces showed an aver- 
age elongation of 25 per cent in 2 in. 

The weld produced by the “Shielded Arc” process 
will also resist corrosion to the same degree as the 
plate, or more so, due to the absence of oxide and 
nitrides in the weld metal. 

In general the speeds obtained by this new process 
are much faster than that obtained by the usual metal- 
lic are process. Welds up to three times as fast on 
edge and also on heavy plate welding are obtained. 
This very greatly increased speed partially comes 
from the fact that a much higher voltage is obtained 
across the are resulting in: a higher wattage used and 
therefore greater heat. 

Increased wattage and size of electrode require 
therefore machines of ample capacity and of higher 
voltage than ordinarily used with metallic arc welders. 
Welds can be made in vertical and overhead position 
as well as downward, although in these cases as a gen- 
eral rule the speed is somewhat less than in a down 
position. However, the quality of the deposited metal 
will be the same. 

These remarkable results are due to the fact that 
the weld is made in a protective atmosphere. It is a 
well known fact that where bare or lightly coated elec- 
trode is used in making the weld that the metal as it 
voes across the arc and while in the molten state is 
exposed to the air. During this time it absorbs oxygen 
and some nitrogen, resulting in reduced tensile 
trength, in reduced elongation and ductility. It is 
Iso a well known fact that if the metal can be pro- 
‘ected from the air while it is molten, the result will 
be a weld in which the weld metal partakes of the 
naracteristics of the plate being welded. 

By this new process exactly this is being done, since 
ie welding is done with a shielded are. (See Fig. 27.) 
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“A” shows two parallel square bars fused into each 


other for two-thirds their length by the Shielded Arc. 
Part of the welded portion of this sample was then 
forged and twisted while hot through an angle of 
360 deg. 

Another part of the sample shown in “A” is illus- 


strated in “B.” This sample was obtained from the 
sample “‘A,” but was twisted through an angle of 720 
deg. after being forged. 

The effects of corrosion are illustrated by the sample 
“C.” This sample was immersed in a 10 per cent so- 
lution of sulphuric acid for 72 hours. The left-hand 
weld was made with an uncoated electrode. Close in- 
spection will reveal that this bead was badly pitted in 
the corrosion test. The hight-hand weld was made by 
the new process. Notice the difference in the effects 
of corrosion on these two beads. 

“D” shows a test bar formed by butt welding two 
pieces of steel plate. The surplus weld metal was ma- 
chined off so that the weld was only as thick as the 
original plate. Two holes were then drilled through 
the weld and the sample pulled. When the break oc- 
curred in the plate as shown, the pull on the sample 
was 54,000 Ib. per sq. in., The stress on the weld 
metal was 60,900 lb. The higher stress on the weld 
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Fig. 27—Some of the Results Obtained with a Shielded Are 





metal was due to the fact that the cross sectional area 
of the weld metal was reduced by the two holes drilled 


through it. Before testing the round drill holes were 
.182 of an inch in diameter. After the sample was 
pulled this dimension was increased to 17/64 in., or an 


elongation of from 40 per cent to 45 per cent. 

A test bar composed entirely of weld metal is shown 
in “E.” The weld metal was machined into the rec- 
tangular bar as shown and then pulled. The test 
showed that the weld metal had an ultimate strength 
of 62,500 lb. per sq. in. and that the yield point was 
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24,500 lb. per sq. in. The elongation in 2 in. was 30 
per cent. 

“F” shows two bars which were butt welded and 
the resultant bar then bent as shown, with the weld as 
the pivoted point. 

“G” also illustrates the extreme ductility of welds 
produced by the Shielded Arc. The lower weld which 
broke when bent was made by an uncoated electrode. 
The upper weld in this sample was made by the new 
process. 

So when you see and review the strides which have 
been made in the very few years that structural weld- 
ing has known, it is indeed difficult to forecast the 
tuture, but the forward looking fabricator or erector 
would do well to embrace every opportunity to study 
this young but sturdy child—ARC WELDING. 


Current Welding Literature 


A Welded All-Steel Aeroplane. Mechanical and Welding 
Engineer (Jan. 20, 1931), Vol. 5, No. 1, pp. 19-25 and 28. 
Extracts from a paper read by L. J. R. Jones before Aero- 
nautical Engineering Branch, Sydney Div., Institution of 
Engineers, Australia. 

Airplane Manufacture—Oxy-Acetylene Welding. Oxy- 
Acetylene Welding for Aircraft, L. R. Gur'ey. Welding 
(February. 1931). Vol. 2, No. 2, pp. 95-96 and 98. Outline 
of standard specifications including training and experience 
of welders; dimensions, contour of weld, penetration and 
fusion; sketches illustrate design and layout of various 
types of joints. Before Am. Welding Soc. 

Aluminum Welding. Oxwelded Aluminum Products. 
Oxy-Acetylene Tips (February, 1931), Vol. 10, No. 2, pp. 
27-34. 

Boiler Manufacture —Welding. The Metallurgist Takes 
Up Welding. W. A. Cather. Eng. and Finance (January, 
1931), Vol. 24, No. 1, pp. 10-15. Results of tests made to 
measure strength, ductility and similar characteristics; 
specifications of photomicrographic studies. 

Brazing, Electric. Electric Resistance Brazing, S. Mar- 
tin. Am. Inst. Elec. Engrs.—Advance Paper No. 16, for 
mtg. Jan. 26-30, 1931, 4 pp. 

Bridges, Steel—Welding. Electric Welding as Applied to 
Bridges and Other Structures on the L. & N. E. Railway, 
H. J. L. Bruff. Junior 'nstn. Engrs.—J1. and Rec. Trans., 
Vol. 40, 1929-1930, pp. 137-158. 

Building Codes—Welding. We'ded Structures in Ger- 
many and Austria, O. Bondy. Welding (February, 1931), 
Vol. 2, No. 2, pp. 110-113 and 118. New rules governing 
erection of steel buildings, July 10, 1930; calculation and 
permissible unit stresses. 

Buildings, Steel—Electric Welding. Are Welding on 
Steel Buildings. F. P. McKibben. Civil Eng. (N. Y.), Vol. 
1, No. 5 (February, 1931), p. 426. 

Buildings, Steel—Electric Welding. Three Arc-Welded 
Buildings, F. P. McKibben. General Bldg. Contractor 
(January, 1931), Vol. 2. No. 1, pp. 19-21. 

Cast Iron—Electric Welding. Pure-Iron Electrodes for 
Welding Cast Iron, H. D. Lloyd and J. S. G. Primrose. 
Foundry Trade Jl. (Jan. 15, 1931), Vol. 44, No. 752, pp. 
37-38. Also in Machy. Market, No. 1579 (Feb. 6. 1931), pp. 
i and in Welding Jl. (January, 1931), Vol. 28, No. 328, 
pp. 18-22. 

Control of Quaiity in Electrically Welded Steel Struc- 
tures. A. R. Moon. Mechanical and Welding Engineeer 
(Jan. 20, 1931), Vol. 5, No. 1, pp. 6-16 and 27. Influence of 
heat conditions on the weld. Influence of oxides on the 
weld. A method of control suggested. Influence on econ- 
omy. Influence on operation and supervision. Influence of 
standard procedure on distortion. Influence on costing and 
estimating. 

Cranes, Welded. Design of Welded Crane Columns, C. M. 
Taylor. Welding (February, 1931), Vol. 2, No. 2, pp. 107- 
109. Details for arc-welded crane column of mill building, 
of usual setback type, which furnishes direct seat for crane 
girder as well as for roof trusses, lintels, girts and braces. 

Development of Steel Wing Beams for Aircraft. H. C. 
Knerr and H. A. Backus. The Iron Age (Feb. 26, 1931), 
Vol. 127, No. 9, pp. 706-710. 

Electric Motors—Welding. Resistance Welding of Motor 





Frames, M. Thomson. Am. Inst. Elec. Engrs.—Advance 
Paper, No. 6, Jan. 26-30, 1931, 4 pp. 

Electric Welding, Arc. A New System for Direct Cur- 
rent Arc Welding, S. R. Bergman. Am. Inst. Elec. Engrs. 
—Advance Paper, No. 19, for mtg. Jan. 26-30, 1931, 3 pp. 

Electric Welding, Are. Arc Welding in 1931, J. F. Lin- 
coln. Boiler Maker (February, 1931), pp. 50-51. 

Electric Welding, Arc, Automatic. Future of Automatic 
Arc-Welding in Boiler Work, G. H. Koch. Boiler Maker 
(February, 1931), pp. 34-37. 

Electric Welding Machines. An Improved Arc Welding 
Generator, J. H. b:ankenbuehler. Am. Inst. Elec. Engrs.— 
Advance Paper, No. 13, for mtg. Jan. 26-30, 1931, 5 pp. 

Electric Welding Machines. The Neutralized Welder— 
A Means of Controlling Transients, F. Creedy. Am. Inst. 
ve Engrs.—Advance Paper, No. 31, Jan. 26-30, 1931, 

pp. 

Electric Welding Machines, Automatic. Automatic Arc 
“47 7g Engineer, (Jan. 23, 1931), Vol. 151, No. 3915, 
p. . 

Four Tunnels in New Arc Welded Water Line for San 
Diego. Steel (Feb. 19, 1931), Vol. 88, No. 8, p. 52. 

Gas Pipe Lines—Welding. Oxy-Acetylene Welding Local 
Gas Lines, L. A. Kirch. Welding (February, 1931), Vol. 2, 
No. 2, pp. 99-100 and 104. 

High Temperatures Impose New Demands on Steels. 
Steel (Feb. 19, 1931), Vol. 88, No. 8, p. 46. 

Hints on Reclamation Welding. F. A. Cosgro. The 
Welding Engineer (February, 1931), Vol. 16, No. 2, pp. 32- 
33. Heavy iron castings. Avoiding hard spots. Pulley 
wheels. Bronze castings. Building up worn bronze gears. 

Inspection Service for Welded Structures Seen as Need. 
mes Whittemore. Steel (Feb. 19, 1931), Vol. 88, No. 8, 
p. 44. 

Magnetic Testing of Pipe Welds Is New Inspection 
Method. H. R. Simonds. Steel (March 5, 1931), Vol. 88, 
No. 10, pp. 39-42. 

Office Buildings, Welded. Qualifying Tests for Welders 
on a 14-Story Building, F. P. McKibben. Eng. and Con- 
tracting (February, 1931). Vol. 70, No. 2, pp. 50-51. 

Oxyacetylene Welding. The Importance of Procedure 
Control in Welding, C. D. Jax. Louisiana Eng. Soc.—Proc. 
(October, 1930), Vol. 16, No. 5, pp. 19-206 and (discussion) 
206-210. Six factors of procedure contro] are: check of 
welders; selection and inspection of material; design and 
layout of welded joints; preparation for welding; organiza- 
tion and welding technique: inspection and test. 

Pipe Line Welding. W. T. Graham. The Welding Engi- 
neer (February, 1931), Vol. 16, No. 2, pp. 42-44. How the 
A. O. Smith Corp. of Milwaukee has developed special pip- 
ing and method of installing it. 

Presses Are Built Up of Gas Cut, Arc Welded Plate. 
Steel (Feb. 26, 1931), Vol. 88, No. 9, p. 58. 

Pressure Vessels—Welding. Welding Plates and Pres- 
sure Vessels. P. R. Hawthorne. Welding (February, 1931), 
Vol. 2, No, 2, pp. 89-92. Tests show that by use of proper 
welding process, procedure control, and method of annealing 
welded vessels are made stronger than riveted ones. 

Rails—Welding. Electric Railway Builds We'ded Frogs, 
C. Anderson, Jr. Welding (February, 1931), Vol. 2, No. 2, 
pp. 93-94. 

Rails—Weiding. Facts Concerning Welding of Rail 
Ends, S. E. Tracy. Welding (February, 1931), Vol. 2, No. 
2, pp. 114-118. 

Resistance Welding of Motor Frames. M. Thomson. The 
Welding Engineer (February, 1931), Vol. 16, No. 2, pp. 
36-38. Steel slabs furnished by the mill in the right size 
for fabricating are quickly rolled and welded into perfect 
rings. 

Stainless Steel. The Fabrication of Plant in Acid-Re- 
sisting Steels, C. C. Hall. Mech. World, Vol. 89, Nos. 2300 
and 2301, Jan. 20, 1931, pp. 95-97. and Feb. 6, 1931, pp. 
123-125. Sheet Metal Industries (February, 1931), Vol. 4 
No. 10, p. 885. 

Stainless Steel—Finishing. Finishing Stainless Steels: 
Pickling, Polishing, Welding, C. C. Snyder. Metal Progress 
(February, 1931), Vol. 19, No. 2, pp. 77-80. 

Stainless Steel Welding. The Welding of Corrosion-Re 
sisting Steels, W. Spraragen. Mech. Eng. (February, 
1931), Vol. 53, No. 2, p. 151. 

Steel Castings—Welding. Steel Foundry Welding. V.G 
Pearson. Foundry Trade Jl. (Feb. 12, 1931), Vol. 44, No 
756, pp. 121-122. 

Steel Casti Welding. Uses of Steel Castings as Af 
fected by Welding, R. A. Bull. Metal Progress (February 
1931), Vol. 19, No. 2, pp. 70-76 and 154. 
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Pp. School of Applied Science on February 
_ 20. The speaker for the evening was 
W. _R. Ost, Engineer of the Air Re- 
duction Sales Company. His talk 
was on the “Trend in Transmission 
Pipe Line and Compressor Station 
Welding.” The meeting was very well 


attended and everyone present seemed 


atic 
ker 


ling 
3. 


r— 


to enjoy the talk and the discussion 
nst. after the paper had been completed. 
931, Mr. Ost’s paper was illustrated by 
slides showing the actual conditions 
4 confronted in pipe line work and cov- 
P ered fully the problems in pipe line 
San and compressor station welding. 
die An invitation has been received 
els. from the Industrial Electrical Engi- 
neering Society to attend their meet- 
The ing on Wednesday, February 18, 
32- which will be held in the Colonial 
lley Room, Masonic Temple. C. J. Holslag 
ars. of the Electric Arc Cutting and Weld- 
ing Company will speak on the sub- 
_ ject of “Are Welding.” 
tion The next meeting of the Detroit 


Section will be on March 24 with a 
talk by P. W. Fassler of the Fisher 
Body Corp., on Resistance Welding. 
von- The April meeting will be on the 28th. 
C. E. Swift of the Westinghouse Elec- 


_ tric & Manufacturing Company will 
ion) present a paper on Arc Welding. 
Saas NEW YORK 
<< The New York Section held a joint 
n meeting with the New York Chapter 
the of the American Society for Steel 
pip- Treating on March 9, at which J. J. 
Crowe of the Air Reduction Sales 
late. Company was presiding officer. The 
a subject of the meeting was “Non-De- 
31) structive Tests of Welds,” and three 
per important papers dealing with the 
ling subject were presented as follows: 
“X-Ray Inspection of Welds,” by Dr. 
‘ogs, Ancel St. John, St. John X-Ray Cor- 
o. 2, poration. (This paper was presented 
f by H. R. Isenberger, an associate of 
Dr. St. John.) This paper was a com- 
aa plete treatment of the whole subject 
The including important applications. 
pp. “Magnetic Inspection of Steel Prod- 
size ucts,” by Dr. A. V. De Forest, Mag- 
‘fect netic Physicist, Welding Engineering 
and Research Corp. (This paper was 
-Re- presented by A. B. Kinzel of the 
2300 Union Carbide and Carbon Res. Lab.) 
Wi This paper included a review of the 
‘al outstanding developments in the use 
sels: of magnetic testing in industry. 
ress “Gamma-Ray Inspection of Heavy 


Welded Structures,” by Dr. R. F. 


-Re- Mehl, Naval Research Laboratory, 
lary, Anacosta, Md. This covered the de- 

velopment of a new method for the 
~ examination of very thick material. 
- Motion pictures and lantern slides ac- 
Af companied these papers, as well as a 
lary motion picture by Bausch & Lomb 


Optical Company. 


NORTHERN NEW YORK 


On February 6 a very interesting 
meeting was held by the Northern 
New York Section. The speakers were 
T. H. Booth of the Buffalo Forge 
Company and H. T. Florence of the 
Cleveland Crane and Engineering 
Company. Mr. Booth spoke on the 
use of are welding in the manufacture 
of bar cutters, bending rollers and 
other machines built by his company. 
He also gave interesting comparisons 
of savings in cost of welded construc- 
tion over the use of castings. His 
talk was illustrated. Mr. Florence 
spoke about the application of weld- 
ing in the construction of cranes. He 
gave numerous illustrations of the su- 
periority of welded over riveted con- 
struction for the box girders and 
other parts of cranes. His lecture 
was also illustrated. 

The March meeting will be held as 
a joint meeting with the Student 
Chapter of American Society of Civil 
Engineers, on March 11. Prof. F. P. 
McKibben, Consulting Engineer, will 
speak on “Welding of Steel Buildings 
and Bridges.” 


PHILADELPHIA 


The Philadelphia Section will hold 
its March meeting on the 16th in the 
Auditorium of the Engineers Club, 
1317 Spruce Street, at 8 o’clock. 
James W. Owens, Director of Engi- 
neering, Welding Engineering and 
Research Corporation, will talk on 
“Residual Stresses.” 


PITTSBURGH 


An over-flow meeting of the Pitts- 
burgh Chapter was held Wednesday 


night, February 18, when a paper on 
the “Latest Developments in Welding 
of Boilers and Pressure Vessels,” was 
presented by C. W. Obert, Consulting 
Engineer, Union Carbide and Carbon 
Research Laboratories, Inc., Long 
Island City. 

This meeting was attended by one 
of the most interested group yet called 
together to listen to a paper on weld- 
ing, and seemingly some one in every 
branch of industry in that district 
had some interest in the paper that 
was presented by Mr. Obert, and the 
results were most gratifying. The of- 
ficers and members were highly com- 
plimented by many of those present 
for the interesting papers and au- 
thors that have been brought to Pitts- 
burgh and they were all enthusiastic 
about the progress that is being made 
in welding lines. The discussion after 
the paper was read lasted for an hour 
and a half with many of Mr. Obert’s 
points more fully illustrated by means 
of chalk talks. 


PORTLAND 


On February 3 the Portland Section 
held a meeting in the Multnomah 
Hotel, Room 101. Three reels of pic- 
tures furnished by the Lincoln Elec- 
tric Company showed in considerable 
detail the application of welding 
methods in the erection of the Upper 
Carnegie Building in Cleveland. These 
were followed by two films furnished 
through the courtesy of the same 
firm illustrating the welding opera- 
tions on a gas line between Vera 
Cruz, Mexico, and the international 
boundary. 








SERVICES AVAILABLE 





Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 


in the BULLETIN. 


Services Available.—Under this heading brief announcements (not more than 
seventy-five words in length) wiil be published without charge to members. 
Announcements will not be repeated except upon request received after an 
interval of three months; during this period, names and records will remain in 


the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be addressed to the number indicated 
in each case and mailed to the Society headquarters. 


A-122. Welding engineer desires position. 
design work, structural steel, ornamental work and specialties. 


Have had extensive experience in 
Have also had 


charge of shop fabrication and field erection work. 


A-123. Electric welder desires permanent position. 


Eleven years’ experience. 


Prefer to connect with reliable firm who employ one welder on maintenance or 


production work. 


A-124. Welder experienced on Acetylene and Electric Welding. 


references. 


A-125. Aircraft welder desires position. 


work, of which four 


Can furnish 


Six years’ experience in aircraft 


ears were with a well-known engineer on experimental 


jobs. Thoroughly familiar with all manner of aircraft welding and on the various 


metals used in same, including aluminum and its different alloys. 


Has in- 


structed students and had a year’s experience as welding foreman for an air- 


craft concern. References. 
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FOR VALUE RECEIVED 











A GREAT MANY PEOPLE will tell you that the 
biggest single service that five cents can buy 
today is a local telephone call. Without ques- 
tion, it is big value... . and value that steadily 
grows as new telephones come into your 
neighborhood. 

There are times when telephone service is 
priceless . . . when the ability to call instantly 
a doctor, a policeman, or the fire department 
could not be measured in terms of money. 

But it is not alone the emergencies that give 
the telephone its value. There are the common- 
places of every-day conversation . . . in the 
home, the shop, the office . . . whenever you 
wish two-way communication with any one, 
almost anywhere. 


The telephone has become such an every- 


day, matter-of-fact convenience—like running 
water and electricity—that it is natural to take 
it for granted. It is well to pause occasionally 
and consider the nation-wide organization of 
men, money, and materials that makes this 
vital service possible, and at such low cost. 

Here is a system of the public, for the 
public . . . run on the barest margin of profit 
consistent with service, security, and expan- 
sion. A service that grows as the community 
grows ... placing within the reach of an in- 
creasing number the means to talk back and 
forth with people in the next block, the next 
county, a distant state, a foreign country, or 
on a ship at sea! 

No other money that you spend can bring 
you more actual value. 
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